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Ina previous communication the present writer (1936) de- 
monstrated in animal tissues the existence of an enzyme which 
disrupted especially the glycosidic linkages of purine ribonucleo- 
tides, yielding ribophosphoric ester and free purine bases. This 
new enzyme, which may be hereafter called ‘‘nucleotide-N- 
ribosidase’’, was present in animal tissues always together with 
nucleosidase, being occasionally accompanied by nucleotidase or 
purime-deaminases. On the one hand, the enzyme was distributed 
among various tissues in quite different quantities; on the other 
hand, the content of the enzyme in any one tissue varied consider- 
ably according to the species of animal. The N-ribosidase and 
nucleosidase displayed a close similarity in many respects. 

The investigation of which the results are now communicated 
was designed to acquire more definite information about the N- 


ribosidase. 


EXPERIMENTAL. 

Ishikawa’s technique (1935) was employed for the quantita- 
tive determination of the products of enzymic hydrolysis of the 
substrates. The previous communication is to be referred to 
also. The substrates employed in the present experiment were 
guanine ribonucleotide and guanine riboside. The disruption of 
the glycosidic linkage of guanylic acid was measured from the 
quantity of organic phosphorus in the mercuric sulphate-filtrate 
of the solution to be tested; this phosphorus signifies the ribose- 
phosphoric ester formed. Phosphorus was determined by the 
spectrophotometric method of Teorell (1931). The subsequent 
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hydrolysis of the ester once formed was practically excluded, since 
the enzyme samples used in the present experiments contained 
phosphatase only in a very small quantity. The hydrolysis of 
guanosine was estimated by determining the reducing power of 
the mercuric sulphate-filtrate by the Hulme and Narain method 
(1931); the appearance or the increase of the reducing power 
originated in the liberation of ribose. Mercurie acetate was also 
available for the precipitation of guanine derivatives. One and 
half ec. of 30% mereurie acetate solution was sufficient to pre- 
cipitate sodium guanylate completely from 10 ce. of 1% solution. 
Contrary to the case of mercuric sulphate, the use of excess of this 
reagent did not invite the risk of incomplete precipitation of the 
guanylate. 

The enzyme solution was prepared. in the following way. 
Hashed rabbit muscle was extracted with an equal weight of water 
for an hour at 37° C., and the extract was submitted to fractional 
precipitation with acetone. The fraction which was precipitated at 
the acetone concentration between 40 and 50% was found to be 
most active. We may recall here the finding of EKuler and 
Brunius (1927) that the most active fraction of nucleosidase was 
precipitated from the autolysate of cattle kidney at the same con- 
centration of acetone. The autolysis of the extracts prepared from 
rabbit muscle caused the loss of activity of N-ribosidase. The 
dried powder of the fraction was kept intact for a long while. The 
watery extracts of the powder, which were prepared by extracting 
4-20 gm. of the powder with 100 cc. of water for an hour at 37°C., 
were used as the enzyme solutions. 


I. Reaction Velocity of N-Ribosidase. 


The monomolecular reaction velocity constant of the enzyme 
as calculated by means of the equation K=1/t 1n a/a-x is listed 
in Table I together with the experimental conditions. The con- 
staney of K is clearly demonstrated in the table. The hydrogen-ion 
concentration of the mixture was adjusted at the beginning to pH 
7.4 which was found to be the optimum value for the enzyme. 
Buffer solutions were not used for this purpose. The pH value 
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remained unchanged during the reaction. In all the experiments 
reported in this communication the results obtained in the main 
experiments were always checked by controls which were set up 
without the addition of the substrates. 


TABLE I. 


Monomolecular Reaction Velocity Constant of N-ribosidase. 
10 ce. of 20 % enzyme extract+10 ce. of 1% 
sodium guanylate solution. 
lee. of toluene. pH 7.4. 37°C. 


’ | Kx10? 
t Ribosephosphorie Hydrolysis Ai 
(hour) ester formed (mg.) | (Jo) ( =— 7, ) 
| | t a=2 
2.38 | 4,2 4.31 
2 5.04 | 8.9 4.66 
3 7.12 | 12.6 4.57 
4 8.92 | ios 4.32 
5 11.28 20.0 4.47 


II. Inhibition of the Enzyme Action by the 
Hydrolysis-Products. 


The action of N-ribosidase was markedly inhibited by the 
hydrolysis-products guanine and _ ribosephosphoric — ester 
Guanine exerted also inhibitory effect on nucleosidase. The effect 
of guanine on the enzymes was examined by comparing the degree 
of hydrolysis of the substrates in (a) the presence and (b) the 
absence of guanine. Guanine was used in a state of 0.1% suspen- 
sion which was prepared according to Schmidt’s method (1982). 
The guanosine solution was made by dissolving the compound in 
warm water at a desired concentration, the solution was cooted to 
37° C. and added to the enzyme extract at 37° C. The conditions 
and the results of the experiments are revealed in Table II. 

The results of the experiments which were designed to show 
the inhibitory effect of ribose-3- and -5-phosphoric acids on 
N-ribosidase are shown in Table III. Ribose-3-phosphoric ester 
was prepared from yeast xanthylie acid and ribose-5-phosphoric 
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TABLE II. 


Inhibitory Effect of Guanine on N-ribosidase and Ribonucleosidase. 


ile 


10ce. of 8% enzyme extract+10ce. of 0.5% sodium guanylate 


or of 0.25% guanosine solution+25ce. of 0.1% guanine suspen-- 


sion. 


lee. 
Mee 


of toluene. 


DEN etoeaiic Os 
25ec. of water instead of guanine suspension. 


20 hours. 


Guanylate and guanosine were hydrolyzed with different enzyme samples. 


N-ribosidase Nucleosidas 
| Previous i 
Experiment | addition of | Production | Hydrolysis | Production | Hydrolysis 
guanine of ester of guanylate| of ribose |of guanosine 
(mg.) (%) (mg.) (Jo) 
i —- 4.38 1515 3.84 29.0 
IIL _ 7.94 28.1 5.05 38.1 
TABLE III. 


Tnhibitory Effect of Ribosephosphoric Esters on N-ribosidase. 


I: 10cec. of 8% enzyme extract-+10ce. of 0.5% sodium guanylate 
solution + 20ce. of ester solutions (15.58me¢. of ribose-3-phosphoric 
ester or 16.48mg. of ribose-5-phosphorie¢ ester). 
lec. of toluene. pH 7.4. 37°C. 20 hours. 

II: 20ce. of water instead of the ester solutions. 

| Previous Production He dole: 

Ester Experiment addition of of ester ot ye 
ester Gng.) (7 
Biboses. | i le 4.51 15.9 
phosphoric ester Ir | S | 8.33 29.5 
Ribose-5- | q + 3.74 13.2 
phosphoric ester TI as 7.61 26.9 


ester from muscle inosinie acid by mild acid hydrolysis. 


When guanylate and guanosine were attacked simultaneously 


by the enzyme, the hydrolysis of each substrate took place to a 
less extent than in the case where the substrate was hydrolyzed 
separately (Table IV). 
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TABLE IV. 


Sinultaneous Hydrolysis of Guanylate and Guanosine. 
l0ce. of 8% enzyme extract+10 ce. of substrate solutions (1: 
100mg. of sodium guanylate, Il: 50mg. of guanosine. LIT: 
I+ID. 
lee. of toluene. pH 7.4. 37°C., 20 hours. 


N-ribosidate | Nucleosidase 


Experiment Substrate Production | Hydrolysis Production | Hydrolysis 

of ester of guanylate) of ribose of guanosine 

(ng.) | ~(%) (mg.) (Jo) 
— ———— — oe SS = Pa | = = — = ss —— = 

I | Guany late 13.98 | 24.7 — | = 

II Guanosine — — |" .6.4i | > 242 

| | | 
TIt Guanylate | 


8.88 | iyo) 4,32 16.3 


+ guanosine 


III. Purification of N-Ribosidase. 


1) Isoelectric precipitation of the enzyme. 

When the hydrogen-ion concentration of the enzyme solution 
was raised to pH 5 by the careful addition of N acetic acid solution, 
the solution became slightly turbid. Restoring the pH back to 7 
with N NaOH solution, there occured a heavy precipitation of 
protein from the solution. The enzyme was distributed between the 
supernatant fluid and the precipitate at ratios varying from 1:1 to 
1:4. The re-extraction of the precipitate with water at varying 
hydrogen-ion concentrations gave little promise. 

2) Adsorption of the enzyme by alununa. 

Klein (1935) found that desoxyribonucleosidase was adsorbed 
most effectively by aluminium hydroxide Cy among the alumina 
preparations, and that arsenate was the specific eluting reagent, 
phosphate being also available but with less effectiveness. The 
hydrogen-ion concentrations of the media did not exert marked 
influence on adsorption and elution, but the optimum pH was 
5 for adsorption, and 6-7 for elution. It is revealed in Table 
V that N-ribosidase, and ribonucleosidase too, assumed quite a 
similar attitude toward the alumina preparations; the adsorption 
of both enzymes was carried out most markedly by Cy and at pH 
5.0. The adsorbing capacities of the alumina preparations were ex- 
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amined by determining the enzyme activities of the NasHPOs- 
-extracts of the adsorbents carrying the enzymes by adsorption. 
The conditions of the determination of the enzyme activities are 
described in the table. The adsorption and the subsequent elution 
of the enzymes were carried out in the following way. Ten ce. of 
4% extract of acetone-dried power were shaken with 100 mg. 
(10 ce.) of aluminium hydroxide, A, B or C, for 10 minutes, 
centrifuged, and the precipitate was eluted with 10 ec. of 1/20 M 
disodium hydrogen phosphate for 10 minutes at room temperature. 
The sample of the enzyme used in the case of nucleotide was of a 
different source from that &sed in the case of nucleoside. 


TABLE V. 


Adsorption-Elution of N-ribosidase and Ribonucleosidase 
by Aluminium Hydroxide. 
10ce. of purified enzyme solution+10ce. of 0.5 % sodium guany- 
late solution or 0.259% guanosine solution. 
lee. of toluene. pH 7.4. 37°C. 20 hours. 


Activity of purified enzymes 
Adsorption —- 
N-ribosidase Ribonucleosidase 
Eas fe foc He E : = 
Production Hydrolysis Production Hydrolysis 
Adsorbent| pH of ester of guanylate of ribose of guanosine 
(mg.) (%) (mg.) (%) 
4.0 1.04 Sor — —_— 
4.5 1.19 4.2 Weill 8.8 
a 5.0 1.75 6.2 | 137 4). “103 
5.5 1.28 4.5 1.21 | 9.1 
4.5 0.45 1.6 0.12 | 0.9 
| 
B 5.0 0.74 2.6 0.20 1.5 
5.5 0.59 Paral 0.08 | 0-6 
4.5 1.78 6.3 1.91 14.4 
Cy 5.0 2.67 9.5 2.07 15.6 
Din 298 7.9 1.68 127 
Original extract 3.86 13.7 2.45 18.5 


The minimum amount of Cy which was practically sufficient for 
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the complete adsorption of the enzyme from 10 cc. of the 4% ex- 
tract of the acetone-dried powder, was 100mg. The optimum con- 
centration of disodium hydrogen phosphate in the eluting fluid 
was found to be 1/20 M. One tenth molar solution was slightly less 
active, and the eluting effect was reduced to 2/3 in 1/50M solu- 
tion. Disodium hydrogen arsenate was also effective, its optimum 
concentration being 1/20 M (Table VI.) The effect of arsenate was 
decidedly greater than that of phosphate in the ease of nucleosidase. 


TABLE VI. 


Elution of the Enzymes from Alwminfim Hydroxide Cy with 
Phosphate and Arsenate Solutions of Varying Concentrations. 
Adsorption: 10cc. of 10% extract of muscle powder + 100mg. 
of Cy, shaken for 10 minutes. 

Elution : Cy + 10 ec. of NasHPO,- or Na,.HAsSO,-solutions, sha- 
ken for 10 minutes. 

Experiment: 10ece. of eluate+100mg. of guanylate or 50mg. of 
guanosine in 10 ce. 
lec. of toluene, pH 7.0. 37°C. 20 hours. 


Control : 10 ce. of original solution. pH 74. 
Eluting fluid | N-ribosidase Nucleosidase 
| Concentra- | Production | Hydrolysis Production | Hydrolysis 
Kind tion | of ester lof guanylate) of ribose of guanosine 
(M) | (mg.) (Jo) (mg.) (%) 
1/10 rene ep = 
Phosphate | 1/20 | 8.61 15.2 42.14 45.8 
| dfs | 6.08 12.3 | — ans 
ig! -| 8.76 |} 15.5 -- — 
Arsenate | 1/20 9.79 17.3 23.20 87.6 
| Pooeeyeeie  .) iar || — — 
Original enzyme solution | 9.20 | 16.3 | 16.00 | 60.4 


Klein observed the shift of the optimum hydrogen-ion con- 
centration of the desoxyribonucleosidase from pH 7.5 to 6.5 after 
a single adsorption-elution. During the purification of N-ribo- 
sidase, quite a similar relation was observed between the purity 
and optimum pH of the enzyme. In this series of experiments the 
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enzyme samples, which were of different sources in each case, were: 
1) 8% extract of acetone-dried powder (original enzyme solution), 
2) the once purified enzyme solution which was prepared by 
submitting the original solution to a single adsorption-elution, 3) 
the thrice successively purified enzyme solution. The adsorption 
and the elution of the enzyme were carried out in the same way 
as mentioned before. The successive purification was prformed by 
repeating this adsorption-elution. Since the first eluate contained 
sufficient quantity of phosphate to prevent the second adsorption, 
of the enzyme, the fluid was freed from phosphate before the 
second addition of the ads@rbent. For this purpose the fluid was 
dialyzed through fish skin for more than 10 hours, or it was 
added with magnesia mixture at pH 8.6 and 0° C., then dialyzed 
for several hours. Dialysis for 15 hours exerted practically no 
noticeable reducing influence on the enzyme activity. With the 
extension of the duration of dialysis, the enzyme activity tended 
to decrease; 30 hours’ dialysis reduced the activity to 2/3 of the 
original value. From the second elution on, the content of 
phosphate in the eluates was reduced so markedly that it did not 
inhibit the subsequent adsorption. The activity of the original 
and purified enzyme samples was examined under the conditions 
described in Table VII. The hydrogen-ion concentration of the 
solutions to be tested covered a range between pH 6.2 and 7.8. 
The pH was adjusted to the desired value with] M acetic acid and 
sodium hydroxide solutions, without using buffer solutions, in those 
experiments carried out with the original and once purified enzyme 
samples. The activity of the thrice purified enzyme was examined 
at more accurate hydrogen-ion concentrations; they were arranged 
with phosphate buffer mixtures of Sdrensen. The change of the 
pH-activity relation with the purity of the enzymes is shown in 
the table. The optimum pH of the crude original solutions of 
N-ribosidase and ribonucleosidase was round 7.5, but it was pushed 
to 7 after a single purification and to round 6.5 after three sueces- 
sive treatments. 

The purification of N-ribosidase by the adsorption-elution 


eliminated not only impurities but also the enzyme itself from 


= 
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TABLE VII. 


Purification of N-ribosidase and Ribonucleosidase. 
pH-Activity Relation. 
10 ce. of enzyme solution +10ce. of substrate solutions (100 mg. 
of sodium guanylate or 40 mg. of guanosine). 
lec. of toluene, pH 6.2—7.8. 37°C. 20 hours. 


N-ribosidase Ribonucleosidase 


,Hnzyme sample pH Production | Hydrolysis | Production | Hydrolysis 
of ester jof guanylate of ribose lof guanosine 
(mg.) (%) (mg.) (%) 
poor ae - sie 
6.2 5.91 10.5 3.28 15) 
6.6 6.52 11.5 3.60 17.0 
Original - 
enichion 7.0 7.16 2-7 4.24 20.0 
7.4 9.84 17.4 5.67 26.8 
7.8 8.55 15.1 4.80 22.7 
6.2 5.73 10.1 2.60 12:3 
Once purified 6.6 6.86 12.1 4.17 Uf 
Bee 7.0 10.48 18.5 5.40 25.5 
7.4 8.96 15.9 4.02 19.0 
6.2 3.53 ge NS 117 5.5 
petee prnded | 1 g6 4.19 A ae eee 66 
solution 
7.0 3.27 5.8 0.86 cf 


the solution. However, the ease of the elimination was different 
in both eases, the impurities being removed more readily than 
the enzyme, and thus the purification was accomplished. It is 
demonstrated in Table VIII that the ratio between the activity of 
the enzyme and the nitrogen content shifted after every treat- 
ment in favour of the former. The third purification deprived the 
enzyme of one third of its activity, while the total amount of 
nitrogen was reduced to one hundredth. The subsequent treatment 
resulted in the rapid reduction of the enzyme activity. The thrice 
purified sample responded to the following colour-reactions of pro- 
teins: Millon’s reaction (+); biuret, ninhydrin, lead acetate 
and Hopkins-Cole’s reactions (—). 

It was noticed during the purification of the enzyme solution 
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TABLE VIII. 


Purification of N-ribosidase. Enzyme Activity 
and Nitrogen Content. 


Me N-ribosidase Nucleosidase eeone 
Enzyme | Produe- | Hydro- Produe- Hydro- | in enzyme 
S pH : an a e oa ae soli 
sample | tion of | lysis of | tion o lysis 0 solution 
ester |guanylate|} ribose | guanosine (mg.%) 
CaP SD) (mg ) ° (%) ee 
Original 7.4 15,94 28.2 11.68 55.1 847.2 
sample . 
| 
Once lee 15.79 27.9 — - 282.4 
purified 
Twice 6.8 12.79 22.6 10.16 49.9 25.4 
purified 
Thrice 6.6 10.15 18.0 = = 8.8 
purified | 
| 
Four times 6.6 2.29 4.1 2.12 10.0 2.6 
purified 


that nucleosidase was also purified by the treatment and thus the 
increase of its activity ran closely parallel with that of N-ribosidase. 
The enzyme sample used through these experiments was the 10% 
extract of the acetone-dried muscle powder. The enzyme solution 
was made in a large quantity and aliquoted after each purification, 
so that the main and blank experiments might be made. The 
purification of the enzyme and the examination of its activity 
were carried out under conditions similar to those of the experi- 
ments listed in Table VII, with the exception that the enzyme 
activity was tested at optimum hydrogen-ion concentrations vary- 
ing with the purity of the enzyme. 

Thus as ‘far as the purification by adsorption-elution and the 
pH-activity relation are concerned, one cannot distinguish N- 
ribosidase from nucleosidase. Considering that N-ribosidase and 
nucleosidase disrupt the same glycosidic linkages of the substrates, 
it is no wonder that there is a close parallelism between them. 
The only difference which the present writer ever noticed was 
that inorganic phosphate or arsenate was indispensable for the 
action of nucleosidase while N-ribosidase was practically indif- 


‘ 


Studies on ‘‘nucleotide-N-ribosidase’’. 415 
ferent to the presence or absence of the salts. The 10% enzyme 
extract was dialyzed through fish skin for 20 hours against tap 
water, and 10 ec. of the dialysate were incubated for 20 hours with 
100 mg. of guanylate or 40 mg. of guanosine in the usual way. The 
hydrolysis of the substrates in presence or absence of 1/20 M diso- 
dium hydrogen phosphate was compared with the case where the 
enzyme solution was not dialyzed but left in a flask during the 
dialysis at the temperature of water. The results are presented 
in Table IX. The optimum concentration of disodium hydrogen 
phosphate for activation of nucleosidase was found to be 1/20 M. 
That arsenate activated nucleosidase more markedly than phosphate 
while \-ribosidase was almost indifferent to the kind of the salts, 
may be cited, in this connection, as another difference between 
these two enzymes. 


TABLE IX. 


Influence of Phosphate on Activity of N-ribosidase 
and Nucleosidase. 


N-ribosidase Nucleosidase 
Enzyme | Production Hydrolysis Production Hydrolysis 
| of ester of guanylate of ribose of guanosine 
| Ging.) (Jo) (ng.) (%) 
= | | Ses ae h 
Not dialyzed | 983 | 17.4 4.03 19.0 
Dialyzed | 8.93 | 15.8 | 0.13 0.6 
Dialyzed / 9.15 | 16.2 | 4.26 | 20.1 
+ Phosphate 
SUMMARY. 


1. The monomolecular reaction velocity constant of 
nucleotide-N-ribosidase was calculated with the use of sodium 
guanylate as the substrate; K xX 10* = 4.48 on an average. 

2. The enzyme action was markedly inhibited by the hydro- 
lysis products, that is, guanine and ribosephosphorie ester. 

3. N-ribosidase was highly purified by repeating the adsorp- 
tion-elution of the enzyme with aluminium hydroxide Cy and with 
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disodium hydrogen phosphate. The optimum hydrogen-ion con- 
centration of the enzyme activity was shifted from pH 7.5 to 6.5 
by the repetition of the purifying treatment. The best con- 
ditions for the adsorption-elution were sought. During the pro- 
cess of purification the activity of nucleosidase increased parallel 
with that of N-ribosidase. These two enzymes displayed a very 
close similarity in many respects at the time of their purification 
with adsorption-elution. The only difference so far noticed between 
the enzymes was the indispensability of inorganic phosphate or 
arsenate for the activity of nucleosidase while that of N-ribosidase 
was not affected by these salts. 


REFERENCES. 


Euler, H. and Brunius, E. (1927): Ber. deutsch. chem. Ges., 60, 1584. 
Hulme, A. CG. and Narain, R. 931): Biochem. J., 25, 1051. 
Ishikawa, H. (1935): J. Biochem., 22, 385. 

Ishikawa, H. and Komita, Y. (1936): J. Biochem., 23, 351. 

Klein, W. (935): Z. physiol. Chem., 231, 125. 

Schmidt, G. (1932): Z. physiol. Chem., 208, 185. 

Teorell, T. (1931): Biochem. Z., 230, 1. 


The Journal of Biochemistry, Vol. 25, No. 3. 


THE MICRO DETERMINATION OF THE IODINE 
NUMBER OF STEROLS IN THE TISSUES 
WITH SPECIAL REFERENCE TO 
ERGOSTEROL. 


By 


MORIO YASUDA. 


(From the Biochemical Laboratory, Institute for Research in Physical 
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(Received for publication, March 2, 1937) 


In an earlier work (1931-32) the author has reported that 
the method of Rosenmund and Kuhnhenn (1923) for the 
determination of the iodine number of lipids in which lipids were 
halogenized with pyridine sulfate dibromide was preferable to the 
widely used Hanus method, and that the former was likely 
applicable to cholesterol and its esters with satisfactory results. 
It seemed then probable that the iodine number of other unsaturat- 
ed sterols might be determined by the same principle. When, how- 
ever, ergosterol was selected as a substrate, the results were ex- 
tremely high showing that none of the methods hitherto available 
was good for ergosterol. 

In search of the literatures regarding the determination of the 
iodine number of unsaturated sterols, Smedley-MachLean (1928) 
has stated that when Wijs reagent was used, the iodine values of 
highly unsaturated sterols were nearly twice as great as those given 
with Huebl reagent, and even with the latter, the values were 
surprisingly high. The iodine values obtained by the Rosen- 
mund-Kuhnhenn reagent for a sample of ergosterol of the melt- 
ing point 158.5° and for zymosterol of the melting point 99—101° 
were 296.0 and 299.8 respectively, and the values were greatly in- 
fluenced by the amount of the reagent, temperature and the length 
of time during which sterols were left in contact with the reagent. 
Accordingly, it was concluded that the method of Rosenmund- 
Kuhnhenn was no more satisfactory than that of Huebl or Wijs 
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for the determination of the iodine number of these sterols. 

Reindel and Weickmann (1929) have estimated the grade 
of desaturation of zymosterol and ergosterol by treating with 
benzo peracid. They added chloroform solution of 0.2—0.3 normal 
peracid to about 0.15 gm. of sterols dissolved in chloroform, left 
for more than 100 hours at 0° or 15°, and the remaining peracid 
was titrated with 0.1 normal sodium thiosulfate after the addition 
of potassium iodide. The number of double bond of respective 
sterols was calculated from the amount of peracid utilized, that is 
from the number of oxygen atoms taken by one molecule of sterols. 
When the reaction mixture was left for 10 days at 15°, the caleulat- 
ed number of double bond of zymosterol was 1.97-2.09 and that 
of ergosterol was 3.06-3.16 under the same condition. These 
values agreed fairly with the theory. 

In animal tissues at least three different sterols, cholesterol, 
dihydrocholesterol and ergosterol, are reported to be present, and in 
feces the existence of coprosterol together with cholesterol and 
dihydrocholesterol is generally known. On the other hand numer- 
ous sterols of different grades of desaturation such as ergosterol, 
sitosterol, stigmasterol, zymosterol and so forth are isolated from 
vegetable tissues. When these sterols are present in different ratios, 
the determination of the iodine number would probably serve as the 
most convenient tool in finding out the distribution of saturated 
and unsaturated sterols. 

In recent publication (1936), the author has shown that 
cholesterol in the tissues was isolated as digitonide from which 
digitonin was removed with simple procedure leaving only 
cholelsterol for further treatment. Other sterols which precipitate 
with digitonin may be isolated in the same way. The determination 
of the iodine number of sterols in animal tissues would then be- 
come easy, had any method suitable for both of cholesterol and ergo- 
sterol been devised. The ingenious method of Reindel and 
Weickmann has made it possible to give the number of double 
bond of ergosterol, but it did not seem to be intended for the study 
of mixed sterols available from relatively small amount of the 
tissues, and the others were entirely inadequate for ergosterol as 
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stated above. 

The author has, therefore, first worked out on ergosterol before 
entering the determination of the iodine number of tissue sterols 
with which the present communication is chiefly concerned. 


DETERMINATION OF THE lopINE NUMBER OF ERGOSTEROL. 


Application of Hanus and Rosenmund-Kuhnhenn 
Methods to Ergosterol—Having three double bonds the theoretical 
iodine number of ergosterol CosH4,0 should be 192. 

To a sample of ergosterol (Fraenkel Ergosterin) both Hanus 
and Rosenmund-Kuhnhenn methods were applied: 10 mg. of 
ergosterol dissolved in 10 ce. of chloroform were added to 20 ee. 
of Hanus and 10ce. of Rosenmund-Kuhnhenn reagents, and 
the amount of halogen absorbed was determined by titrating 
with 0.1n NaeS2,03 after the addition of 5cc. of 10 per cent 
potassium iodide. The reagents were prepared as follows: 

Hanus—26 em. of iodine and 5 cc. of bromine, each dissolved 
in glacial acetic acid, were mixed and made up to 2000 ce. with 
glacial acetic acid. 

Rosenmund-Kuhnhenn—l6.5 ce. (16 gm.) of pyridine and 
10.9 ec. (20 em.) of concentrated H2SO4 were measured into separate 
flasks containing about 40 ce. of glacial acetic acid upon cooling, 
and then combined. 5cc. (16 gm.) of bromine dissolved in 40 ce. 
of glacial acetic acid was added and made up to 2000ce. with 
the same acetic acid as described in previous publication (1931- 
32). 

The iodine number was calculated after the formula 

ov 
c 
in which a represented the number of cc. of the blank titration ; 
b, the number of ce. of 0.1n NaS,03 needed for the titration; 
and c, the number of gm. of sterol. 

The results of above experiments are presented in Table I 
which shows that both methods gave greatly high values, and 
that between Hanus and Rosenmund-Kuhnhenn methods 


octal. 
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there was no particular difference in halogenizing ergosterol un- 
like in case of cholesterol (1931-32). The reaction took place at 
relatively high room temperature of about 30°C so that the same 
experiments were next carried on at low temperature: flasks 
containing the reaction mixture were placed in ice water for 1 
to 10 minutes after that they were titrated with 0.1n Na2S20s as 
before. The iodine number of ergosterol was 340 after 1 minute 
and 346 after 10 minutes of reaction. These values were also 
much higher than the expected ones, indicating that the absorp- 
tion of halogen by ergosterol in the medium of chloroform was 
prompt and high even at the low temperature. 

As the reagents so far used were not adequate for ergosterol, 
a new reagent was prepared by substituting bromine in Rosen- 
mund-Kuhnhenn reagent with iodine, namely 25 gm. of iodine 
were used instead of 16g¢m. of bromine. With this reagent 
(Yasuda reagent in Table I and II) the iodine number of 
ergosterol was very near to the theoretical, after 45 to 60 minutes 
of the time of reaction at room temperature. 


TABLE [. 


Determination of the iodine number of ergosterol by the reagents of 
Hanus, Rosenmund-Kuhenn and Yasuda. 
Aliquot: 10mg. of ergosterol (Fraenkel Ergosterin) in 10cc. of 
chloroform. 
Reagent: 10 cc. in case of Hanus, and 20 ce. in other cases. 


mace Iodine number 
; es | oe a a nee She Yasuda 
min. 
5 421 428 131 
15 446 440) 170 173 
30 448 447 
45 182 182 
60 448 453 185 188 188 
120 467 468 186 190 188 
180 | 189 191 


However, when the same reagent was used for oleic acid 
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(Godine number=90), the results were very low no matter how 
the reagent was increased and the time of reaction was extended. 
Besides, the reagent has shown that it did not react toward 
cholesterol (iodine number=66) at all as indicated in Table II, 
consequently the satisfactory results obtained on ergosterol were 
considered to be accidental although they were constant at repeated 
experiments. 


TABLE II. 


Determination of the iodine number of cholesterol by the reagents of 
Hanus, Rosenmund-Kuhnhenn and Yasuda. 
Aliquot: 25mg. of cholesterol (Merck) in 5ec. of chloroform. 

Reagent: 10 ce. each. 


Se Hanus | Rosenmund Yasuda 
Time of a a Pe eee an Ag Perit res 
reaction ritration* Nts | Titratiou te Ni: Titration 1s Ne 
amine | ce. J | Ce i‘ ce. = 
5 17.30 $5.5 feo: 62.4 9.10 
EGO ieee ae O41} 7.22 66.8 undeter- 
30 16.88 106.5 | 7.18 69.0 9.08 een 
60 | 16.60 VEX 14 7.18 69.0 9.08 
120 | 16.15 143.5 | 7.15 70.5 9.08 
blane 19.00 | 8.55 9.10 


with 0.1n Na.S.0; (factor = 0.990) 

Preference of Methyl Alcohol as a Solvent of Ergosterol— 
Since the search for a new reagent applicable to ergosterol as 
well as to other lipids did not seem promising, the medium of 
halogenizing was changed. The experiments were done by micro 
method to save the material, as the author has confirmed in 
previous publication (1931-32), that the micro determination of 
the iodine number of fatty acids and cholesterol with pyridine 
sulfate dibromide gave exactly same values to those by macro 
method. 

Aliquots 2mg. of ergosterol were dissolved in chloroform, 
carbon tetrachloride, acetic acid and methyl! alcohol, then added 
to 2ece. of diluted pyridine sulfate dibromide reagent, prepared 
by mixing equal volumes of the original reagent and glacial 
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acetic acid. After different times of reaction 0.5 cc. of 5 per cent 
potassium iodide were added, then titrated with 0.02nNa2S203. 
Detailed procedures of the micro determination will be described 
later. 

The inadequacy of chloroform as a solvent of ergosterol was 
already pointed out which was again demonstrated in above ex- 
periment, and the same was observed on acetic acid. In carbon 
tetrachloride the absorption of halogen in the first 5 to 10 minutes 
was near the theory, but it increased with the time. Only in 
methyl alcohol the amount of halogen taken by ergosterol agreed 
with the theoretical, and it was not changed by the length of 
the time of reaction. The trouble in the determination of the 
iodine number of ergosterol was thus removed by simply making 
use of methyl alcohol as the medium of halogenizing. 

Methyl alcohol, however, is not good solvent of ergosterol 
so that a small portion of acetic acid was added whereby ergos- 
terol has become quite soluble, and furthermore the mixture had 
the advantage that it dissolves digitonin precipitate of sterols as 
will be commented in the next chapter. Since ergosterol absorbs 
halogen much larger than the theory in acetic acid, the amount 
of the latter to be used with methyl alcohol was studied and it 
was found out that 4 ec. of methyl alcohol to 1 ce. of acetic acid 
were the satisfactory ratio for the present purpose. The above 
results are given in Table III and Fig. I. 

Experiments were repeated on different aliquots of ergosterol 
to confirm the above findings followed by the experiments on 
cholesterol, since it was necessary to see whether or not the 
conditions under which ergosterol was halogenized with satisfactory 
results were suitable for cholesterol. Table ITV would show the 
results of these experiments in which it may be obvious that the 
iodine number of cholesterol is as well determined in methy] 
alcohol as in chloroform, while that of ergosterol is determined 
only in methyl alcohol. When, therefore, methy] aleohol is used 
as a solvent and pyridine sulfate dibromide as a halogenizing 
agent, the iodine numbers of two important sterols in animal 


tissues would be determined without difficulties. It was also 
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UAC T Wiel slll 


Halogen absorption of ergosterol in different solvents at different 
times of reaction. 
2mg. i.e. 2ce. of 0.1 per cent methyl alcoholic solution of ergosterol 
were used as aliquots. After methyl aleohol was evaporated, ergo- 
sterol was redissolved in different solvents and halogenized with 2 ce. 
of diluted Rosenmund-Kuhnhenn reagent. 


Absorbed f 
Sol reas Time of halogen in Todine Diff. from 
, ” reaction | terms of 0.02n nnmber the theory 
__|__Na,8.05 

min ce per cent 
Methyl] albohol | 5 1.56 198 3.6 
4ec+1lece | 10 1.50 197 2.6 
acetic acid | 20 1.55 197 2.6 
60 1.55: 197 2.6 
5 | 1.60 204 6.2 
' 10 1.68 214 11.5 
eh eed 20 L175 299 15.6 
eee Pe, 40 1.87 238 23.9 
60 2.00 254 382.2 
Chloroform 5 2.00 254 32.2 
2ee+1 ce 10 2.28 290 51.0 
acetic acid 15 2.38 302 Dies 

Zi “AP eas =, - . 7 eal 1 = 

¢ ‘ 10 2.05 260 35.4 
Acetic acid 3 ce 15 2.90 980) 45.7 
Byer ed: Halogen absorption of ergosterol in different solvents. 


we 
= 
co) 
ial 
Se 
f= 
A Sea 
= in CCl, 
a | | 
f=} H 
a i in CH,OH 
bo 
S| 


Theoretical Iodine Number 


NOerls: 20 46--— 60 


Time in Minutes. 
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striking that the halogenization of both sterols was completed 
“within a short time, five or ten minutes, at room temperature 
and remained unaltered for at least one hour. The iodine number 
of ergosterol given in Table III and IV differed about 1 to 2 
per cent from each other, but the difference was within experi- 
mental error. 


TABLE IV. 


Halogen absorption of ergosterol and cholesterol in different solvents. 


Saree Absorbed 
Titration halogen in 
A veat Solvent |Time, of with terms of | Lodine Diff. from 
Tuov S ' jreaction 0.02n Aes. number |the theory 
eA RE Cr 
mg. min. ee. ce. : per cent 
Ergosterol 2.0 5) 2.40 1 J5%s' 201 4.6 
Methy] ale. 
3.0 Abe alice, 1.60 2.38 201 “ 
4.0 Jacetie acid és 0.83 3.15 201 on 
blane a 3.98 
Ergosterol 2.0 10 2.35 1.58 201 4.6 
Methyl! ale. eee = 
3.0 | 4 secs £5 1.55 2.38 201 6 
4.0 |acetie acid a 0.75 3.18 202 D2 
blane 9 3.93 
Cholesterol 5.0 5 2.56 1.36 69 4.5 
- , |Methy! ale. saps ; = 
5.0 dee tee 10 2.55 AcSH 67 igs 
blane |acetie acid 5 3.92 
” 10 3.86 
Cholesterol 5.0 10 2.60 1.30 66 0 
Ergosterol 2.9 [Chlgroform) 1.40 2.50 | 318 65.6 
blane 55 3.90 


Sterols were halogenized with 2ce. of diluted Rosenmund- 
Kuhnhenn reagent. 


DETERMINATION OF THE IODINE NUMBER or Tissur STEROLS. 


Halogen Absorption of Digitonin—Sinee sterols in the tissues 
are isolated with the aid of digitonin, the absorption of halogen 
by digitonin was investigated. 

10 to 30mg. of digitonin (Merek) dissolved in alcohol were 
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taken into small glass stopped Erlenmeyer flasks. Alcohol was 
evaporated, the residue was redissolved in 5 ee. of glacial acctic 
acid and added to 2 or 3 ee. of diluted pyridine sulfate dibromide 
reagent. After 10 to 30 minutes the flasks were titrated with 
0.02n Na2S203. In Table V the amount of halogen absorbed by 
digitonin is expressed in terms of 0.02n NasS2Os. 


TABLE V. 


Halogen absorption of digitonin. 


= | — ——— 
Absorbed halogen 
joie Mohs | - Time of Titration with|} per 10mg. digi- 
Digitonin jeteens ee reaction 0.02n Na.S.O;/tonin in terms of 
| 0.02n Na.S203 


mg. | ce. ; min. | ce. | ee. 
10 2.0 10 4.15 | 0.050 
20 » ” | 4,08 0.060 
blane | 4.20 | 
10 2.0 15 | 4.11 | 0.090 
20 e: ‘: 4.05 | 0.075 
blane 2 4.20 | 
10 2.0 | 30 4.12 | 0.085 
20 of mf 4,01 0.095 
blane 39 | a 4.20 
= SS | pre |—— 
10 3.0% 15 6.12 0.030 
20 | ze s | 6.00 | 0.075 
a0 OA % . 5.90 0-083 
blane | x ee | 6.15 | 
10 | 3.0% | 30 | 6.08 =| 0.070 
20 e 2 5.95 0.100 
30 ‘ :. | 5,87 0.093 


blane 33 o } 6.15 


* Newly prepared reagent. 

The results in Table V indicated that digitonin absorbed 
slight but constant amount of halogen when treated with pyridine 
sulfate dibromide. The average amount of halogen taken per 
10 mg. of digitonin was corresponding to 0.08 ce. (or per 1 mg. of 
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digitonin 0.008 ce.) of 0.02n NazS203. Whether the absorption of 
halogen was caused by the impurities contained in digitonin or 
by the substitution in digitonin molecule was not decided. 

Digitonides as Substrates—The above data would suggest 
that the iodine number of sterols may be determined by halo- 
genizing digitonides, whereby the amount of halogen taken by 
digitonin is subtracted from that by digitonides. 

Aliquots methyl aleoholic solution of cholesterol digitonide 
were pipetted into glass stoppered Erlenmeyer flasks of 120 ce. 
volume, the solvent was removed by evaporation, and the remain- 
ing digitonide was redissolved in 1 ce. of acetic acid and 4 ce. of 
methyl alcohol, or in 5ee. of acetic acid with gentle heating on 
the steam bath. After cooling 2 cc. of the halogenizing reagent 
were added. The amount of cholesterol digitonide contained in 
the aliquots was determined by oxidative method (Yasuda, 1931). 

Since 1 mg. of cholesterol combines with 3.12 mg. of digitonin 
and 10mg. of digitonin take halogen equivalent to 0.08 ce. of 
0.02n NasS203, the amount of halogen taken by cholesterol was 
easily calculated. As shown in Table VI, the iodine number of 
cholesterol] obtained by halogenizing its digitonide were between 
67 and 74 with one exception. These values agreed with the 
ones obtained by halogenizing cholesterol as observed in Table 
IV, and with the theoretical. 

Ergosterol was then used as a material for the same ex- 
periment, and this time the iodine number was determined either 
on ergosterol digitonide or ergosterol freed from digitonide, in 
either case the substrates were dissolved in acetic acid and methyl 
alcoho] mixture before adding to the halogenizing reagent. As 
the solvent of digitonides a small amount of acetic acid was 
indispensable, since digitonides were not kept in solution in cold 
methyl alcohol alone. In Table VI it may be seen that the 
iodine number of ergosterol determined on its digitonide indirectly, 
or on ergosterol directly after it was freed from digitonide was 
practically the same. 


From the results in Table V and VI the following conelu- 
sions were drawn: 
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1. Sterols precipitated with digitonin are freed from the 
latter, and the determinations of the iodine number are made 
on sterols thus treated. 

2. The determinations are also available on digitonides, 
since the amount of halogen to be taken by digitonin is given 


by calculation. 


TABLE VI. 


Iodine number of cholesterol and ergosterol determined on 
digitonides or sterols freed from digitonides. 
Average of 5 determinations by oxidative method. The amount of 
digitonin combined with 18mg. of cholesterol is 5.6mg. which take 
halogen corresponding to 0.008 x5.6=0.045 ce of 0.02n Na,S.03. 


** Digitonide was formed by adding digitonin to 2mg. of ergosterol dis- 
solved in methyl alcohol. 2mg. of ergosterol combine with 6.2 mg. of 
digitonin which take halogen corresponding to 0.05 ce of 0.02n NasS.Oz3. 

ae a —— T af Amount of halogen ab- : 
Materials (sterol in Time of aka bes a os = Todine 
digitonide) reaction ee a ee number 
Digitonide Sterol 

7 o mg. min. | et eee 
Chole. digitonide*. .7.45 (1.8) | 10 0.52 0.475 67 
Es 0.55 0.505 FeAl 
ones 0.54 0.495 | 70 
15 0.52 0.475 | 67 
" 0.55 0505 | 71 
eee 0 10.5% 0.525 | 7% 
é | 30 | osT 0.525 | 4 
A PS 0.57 0.525 74 
| 45 0.60 0.555 78 
” 0.55 0.505 71 
Ergo. digitonide**. .8.12 (2.0) 10 1.57 1.52 193 
” 56 1.60 1.55 197 

Ergosterol freed | | 

from digitonide ........ 2.0 10 1.50 191 
Gs edge i a atee 
ie | 1.55 197 
a: eis 1.50 191 
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PROCEDURES. 


Isolation of Sterols from the Tissues—Sterols are isolated as 
digitonides from alecohol-ether or alcohol-acetone extracts’ of the 
tissues regarding which the author has reported in his recent 
publication on the cholesterol determination (1936). As to the 
removal of digitonin from digitonides the reader is also requested 
to refer to the same article. A part of digitonides or sterols 
freed from digitonin is halogenized, and the rest is oxidized with 
chromic acid or weighed to give the content of sterols. 

Halogenizing—Following reagents are needed: diluted pyri- 
dine sulfate dibromide made by diluting the original reagent 
described elsewhere in this communication with equal volume of 
glacial acetic acid; 5 per cent potassium iodide solution; 1 per 
eent starch solution; 0.02n sodium thiosulfate adjusted against 
0.02nKT0Os. 

About 3mg. of sterols freed from digitonin or digitonides 
corresponding that amount of sterols are dissolved in lee. of 


elacial acetic acid by gentle heating on the steam bath, cooled - 


to room temperature and added to 4 ce. of methyl alcohol. 2 cc. 
of diluted pyridine sulfate dibromide reagent are then added 
and left standing. After 10 to 15 minutes, 0.5 ce. of 1 per cent 
KI solution are added and titrated with 0.02n NaoSoOs. 

Deternunation of Mixed Sterols—Sterols are determined either 
by oxidative or gravimetric method. The colorimetric determi- 
nation is not applied since the color reaction to be used for mixed 
sterols is not introduced. The author recommends the oxidative 
method for the determination of mixed sterols which is carried 
on after the description on the oxidative micro determination of 
cholesterol (Yasuda, 19381). 

When sterols are oxidized as digitonides with chromic acid 
and Nicloux reagent, 1mg. of mixed sterols consumes 10.5 ce. of 
0.1In KeCr207; and when sterols are oxidized after they were freed 
from digitonin, the average consumption should be 3.9 ce. of the 
same chromic acid per 1 mg. of mixed sterols as indicated below : 


1lmg. of cholesterol needs....3.92 e¢., and as digitonide....10.60 ec. 
Pr ergosterol ma. cemorsonee + ae seh OLAO IRS 
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,, dihy drocholesterol 2 
or coprosterol eee es SEX) cy 90 ee OOO ee 


therefore, 1mg. of mixed sterols requires approximately 3.9 ce., 
and as digitonides 10.5 ce. of 0.1In KeCr20; for oxidation. 

Calculations—The iodine number of sterols, that is the number 
of gramms of iodine to be absorbed per 100 em. of sterols is 
calculated after the formulae 


a—b x ieee 22 TN (1) when sterols are halogenized after the 
© 5S nee remoyal of digitonin 


(a—b) —0.008 x d . 1.27 ON (2) when sterols are halogenized 
c § ae as digitonides 


in which a is the number of ec. for blane titration; b, the number 
of ee. of 0.02n NazS203 needed for the titration after halogenizing ; 
c, the amount of sterols halogenized and expressed in gm.; and 
d, in the formula (2), is the number of mg. of digitonin com- 
bined with sterols. 0.008xd is the amount of halogen taken by 
digitonin and expressed in terms of 0.02n NagS2.Os3 (see Table V). 

An average amount of digitonin to be taken by 1 mg. of 
mixed sterols is 3.1 mg., since 1 mg. of cholesterol, ergosterol and 
dihydrocholesterol or coprosterol add to 3.14, 3.06 and 3.09 mg. 
of digitonin respectively. Accordingly, d is given by multiplying 
3.1 by the number of mg. of sterols i.e. d=3.1 xc x 1000 (amg.), 
as ¢ represents the amount of sterols and expressed in gm. 

Experiments on some Tissues—The following experiments 
were undertaken as examples of the determination of the iodine 
number of tissue sterols by the procedures described above: as 
materials alcohol-ether extracts of human brain and rabbit liver 
were used which were made by extracting about 2.5 to 3 gm. of 
the meduilar part, about 4 em. of the cortical part of the human 
brain, and about 4gm. of rabbit liver with 250 cc. of alcohol 
ether. 

The iodine number was determined on free sterols contained 
in these extracts. About 30 to 100cc. of the extracts were 
measured into flasks, added to 10 cc. of 1 per cent digitonin solu- 
tion and evaporated to almost dryness on the steam bath. The 
precipitate of digitonides were treated with diluted acetone (mix- 
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ture of equal volumes of acetone and water), heated for few 
minutes on the steam bath, and transfered into a glass filter. 
The precipitate was next washed with acetone and ether several 
times to remove impurities, after that it was dissolved in hot 
acetic acid and methyl] alcohol and filtered into a flask in the 
filtering apparatus as in case of cholesterol determination (1936). 

Methyl alcohol was removed by evaporation, then added to 
about 10 times as much ether as remaining acetic acid to preci- 
pitate digitonin. After an hour the precipitate of digitonin was 
removed by filtration. The filtrate which contained sterols was 
evaporated, redissolved in warm methyl] alcohol, transfered into 
a 25 ce. volumetric flask and made to the volume with methyl 
aleohol after cooling. Aliquots methyl] alcoholic solution of sterols 
thus prepared were pipetted into glass stoppered pyrex Erlen- 
meyer flasks of about 120cc. volume. Some of them were used 
for halogenizing, and the others were subjected to oxidative 
determination of sterols. Since sterols were freed from digitonin, 
the iodine number was calculated after the formula (1). In 
Table VII the average values of each 2 or 3 determinations are 
presented. 

Note 1. For the determination of the iodine number of total 
sterols, tissue extracts should be saponified with KOH, and then 
neutralized before digitonin is added. The procedures of saponi- 
fication and subsequent formation of digitonides are the same 
to those of total cholesterol determination (1936). 

2. When sterols are halogenized as digitonides, methyl 
aleohol and acetic acid solution of digitonides collected in a flask 
in the filtering apparatus is transfered into a volumetric flask 
of suitable size and made to the volume with methyl alcohol. 
An aliquot that contains digitonides corresponding to about 3 
mg. of sterols is taken into a Erlenmeyer flask, the solvent is 
evaporated, then the substrate is redissoved in known amount of 
acetic acid and methyl] aleohol and halogenized. About one third 
of the same aliquot which therefore contains about 1 mg. of sterols 
as digitonides is taken into another flask, the solvent is removed 
by evaporation with suction, then oxidized. with chromic acid 


——— 
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and Nicloux reagent. 


TABLE VII. 


The iodine number of free sterols in some tissues. 


2 ae 
Tissues ves Sle pet ag Iodine number 
- 0.02n Na,S.05 
| = mg. > al aa ce. ~ - 
Human brain. .M*-1) 3.32 0.91 69.5 
CS ll s.12 0.90 73.4 
M- 9 3.23 1.00 78.6 
C- 6 2.23 0.67 76.4 
M- 2 4.43 1.35 TS 
C- 6 2E5D: 0.67 66.7 
Rabbit liver........ 1.63 0.40 62.4 


* 


M-1, 2,6...Medullar part of the brain samples No. 1, 2 and 6 

C-1, 2,6... .Cortical part vs i a 

Sterols were halogenized in methyl] alcohol (4 ce.) and acetic acid (1 ce.) 
for 10 minutes. 


Judging from the iodine number given in Table VII, it is apparent 
that free sterols isolated from the brain and liver were probably 
cholesterol as might be expected. 


COMMENTS. 


It may be of significance that the behavior of ergosterol 
toward the absorption of halogen is characteristic to the nature 
of the solvents in which ergosterol is dissolved and halogenized. 
Different from cholesterol and fatty acids, the iodine number of 
ergosterol can not be determined in chloroform, but it can be 
done in methyl] alcohol with the reagent of pyridine sulfate 
dibromide. With the same reagent and by practically same 
procedures as in case of other lipids (Yasuda, 1931-32) the 
iodine number of ergosterol is obtained within short time. 

As lately reviewed by Bills (1935) ergosterol is widely dis- 
tributed in animal tissues as well as in vegetable world. Although 
the content of ergosterol is only minute in normal animal tissues 
since cholesterol occupies most of the tissue sterols as observed 
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in the experiments in Table VII, it might be increased in some 
tissues particularly under pathological or experimental conditions 
as, for instance, in case of feeding with ergosterol (Page, 1930). 
At any rate, the existence of ergosterol should be taken into 
consideration when the iodine number of tissue sterols is ques- 
tioned, and the same may be stated regarding dihydrocholesterol 
and eoprosterol. The present method is therefore based on the 
assumption that sterols in the tissues, blood, feces and so forth 
are mixed with those ones. 

The procedures consisted of 1) isolation of sterols from the 
tissue extracts as digitonides 2) halogenization of digitonides 
and 3) determination of sterols by oxidizing digitonides. Sterols 
separated from digitonides are also subjected to halogenization 
and oxidative determination. 

As to the procedures of 1) and 3) the author has commented 
in his previous communications (1931, 1936). The halogeniza- 
tion of digitonides or sterols with pyridine sulfate dibromide gives 
same duplicates so that the accuracy of this method depends on 
the determination of the sterols content for which oxidative 
method is recommended. The oxidative determination of lipids 
has not been free from objection that the oxidation of conta- 
minated substances would affect the final results. However, the 
influence of impurities would be negligible as far as sterols that 
can be freed from contaminated impurities with the aid of digitonin 
are concerned. When enough materials are available, and the 
oxidative method is not prefered, then it should de substituted 
with the gravimetric method since the colorimetry can not be 
applied for the present purpose. 


SUMMARY. 


After computing the absorption of halogen by ergosterol and 
cholesterol under various conditions, a method for the micro 
determination of the iodine number of tissue sterols was finally 
devised. 

The determination of the iodine number of tissue sterols 
seems to be important in relation to the studies of the nature 
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and the distribution of sterols of different grades of desaturation 
in animal tissues or in biological materials as a whole. 

The present article is dedicated to Professor 8. Kakiuchi 
whose Twenty Fifth Anniversary of Securing Professorship at 
Tokio Imperial University will be celebrated this spring. 

The author wishes to add that he has enjoyed the helpful 
criticism of Professor Kakiuchi for this work with sincere 
thanks. 
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MAGNESIUMSTOFFWECHSEL UND GALLENSAURE. 


Ausscheidung des Magnesium unter Einfluss von Cholsdiure 
bei normalen sowie bei splanchnikotomierten 
Kaninchen. 


VON 


MASAOKI YUUKI. 


(Aus dem Physiologisch-chemischen Institut Okayama, 
Vorstand: Prof. Dr. T. Shimizu.) 


Eingegangen am 6. Marz 1937) 


Magnesium ist bekanntlich ein wichtiger Zellbestandteil und 
im Blut in einer derartig kleinen Menge enthalten, dass es fiir 
die Aufrechterhaltung des Saure-Basen-Gleichgewichtes gar nicht 
in Frage kommt. 

Dieses Magnesium wird, wie ebenfalls bekannt, zum grosseren 
Teil durch den Darm und nur zum kleineren im Harn ausge- 
schieden und tritt mit dem Calcium und Phosphor im Haushalte 
des Korpers vielfach in Beziehuneg. 

Nach Gerhardt u. Schlesinger (1899) scheint mit dem 
Mangel an Alkalien im Organismus die Vermehrung der Mag- 
nesia im Harn parallel] zu gehen. 

Nach Lescoeur u. Moquet (1923) besteht eine Beziehung 
zwischen der Magnesiumausscheidung im Urin tnd dem Urin- 
PH, derart, dass die Magnesiumausscheidung der Vermehrung 
der Wasserstoffionenkonzentration ungefahr parallel verlauft. 
Kuramoto (1934) hat schon beim Hunde bewiesen, dass der 
Harn durch Zufuhr von Cholsaure alkalisch wird, wobei das PH 
des Harns vermehrt wird. 

Es sei hier daran erinnert, dass nach Zondek (1929) die 
nervosen Erregungen der vegetativen Organe eine Konzentrations- 
inderung der Elektrolyte hervorrufen und dass zwischen Calcium 
und Magnesium ein antagonistisches Verhaltnis besteht, indem 
eine Vermehrung der Calciumionen im Blut zur Entgiftung die- 
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ser eine Vermehrung der Magnesiumionen bedingt, alles Um- 
stiinde, welche besonders bei der Ausscheidung dieser Elemente 
eine gewisse Bedeutung haben. 

So hat Sekitoo (1929) eine durch den Hinfluss der Chol- 
siiure bedingte Vermehrung von Calcium im Harn gefunden, aber 
ein wechselndes Verhalten in der Magnesiumausscheidung beo- 
bachtet. Danach hat Maruno (1931) eine Magnesiumvermehr- 
ung im Blut des Kaninchens beobachtet. 

Nach den Ergebnissen obiger Autoren muss das Magnesium 
im Harn durch Cholsaure vermindert werden, wahrend nach Lang 
(1932) der Blutmagnesiumspiegel wohl durch die Ernahrung, nicht 
aber durch Hormone beeinflusst wird. Daher ist nach ihm der 
Magnesiumspiegel im Blut unabhingig von dem endokrinen 
System. 

Neuerdings hat Iwado (1936) die Verinderung des Calcium 
und Magnesium in verschiedenen Organen bei Zufuhr von Chol- 
saure untersucht und festgestellt, dass dicse Erdalkalien dadurech 
in verschiedenen Organen angesetzt werden, wobei der Ansatz. 
des Calcium viel stirker auftritt als der des Magnesium. Nach 
Kuramoto (1934) soll die Magnesiumausscheidung im Darmsaft 
durch Cholsiure vermehrt, aber die Ausscheidung des Calcium 
vermindert werden und nach Okii (1934) die letztere mit der 
Funktion des vegetativen Nervensystems in inniger Beziehnung 
stehen. 

Mit dem Versuch von Iwado (1934) wird eine merkwiirdige 
Verschiebung des Ca/Mg-Quotienten durch Cholsaiure gezeigt. 
Hier aussert sich ein relativer Mangel an Magnesium gegeniiber 
dem Calcium. Die Mehrausscheidung des Magnesium dureh die 
Darmwand kann auch als ein Faktor gegen diesen Magnesium- 
mangel betrachtet werden. MHierbei miisste also entweder das 
Magnesium an den Geweben festgehalten werden, um den Ca/ 
Mg-Quotienten méglichst in ein normales Verhiltnis zu bringen, 
oder das Calcium von den Geweben rasch herausgezwungen 
werden. 

Somit diirfte mit Wahrscheinlichkeit angenommen werden 
konnen, dass die Verschiebung des im Gewebe angesetzten Mag- 
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nesium in die Blutbahn erst nach der Ausfuhr des tiberschiis- 
sigen Calcium stattfinden kann. 

Somit muss die Ausscheidung des Magnesium bei Zufuhr 
von Cholsaure anfangs herabgesetzt, spiter dagegen vermehrt 
werden. Nach Kitayama (1927) soll die Kalkausscheidung im 
Harn durch Splanchnikotomie vermindert werden, wobei also 
die Magnesiumausscheidung im Harn im Sinne eines Antagon- 
ismus zwischen beiden Jonen vermehrt werden miisste und die 
Wirkung der Cholsaure auf die Magnesiumausscheidung bei 
splanchnikotomierten Kaninchen viel-schwiacher als bei normalen 
auftreten oder ganz ausbleiben dtrfte, wie Sekitoo (1930) es 
beim Kalkgehalt des Blutes des splanchnikotomierten Kaninchens 
beobachtet hat. 

Wenn das Verhalten der Magnesiumausscheidung im Harn 
bei Zufuhr von Cholsdure ausschliesslich durch die Gegeneinan- 
derverschiebung der Erdalkalienionen bedingt sein sollte, die mit 
der Funktion der vegetativen Nerven eng verknipft ist, so diirfte 
die Cholsiurewirkung auf die Magnesiumausscheidung im Harn 
des splanchnikotomierten Kaninchens keine andere sein als auf 
die Kalkausscheidung desselben Tieres. 

Die Maenesiumausscheidung hangt bekannthch von der 
Muskelarbeit ab. Bei normalem Verhaltnis wird nach den Unter- 
suchungen von Toda (1930) und Gellhorn (1932) die Muskeler- 
miidung durch Calcium verzégert, was bei Gegenwart von ada- 
quaten Mengen yon Calcium auch durch Magnesium ersetzt 
werden kann. 

Die Frage ob die Verschiebunge der Magnesiumionen in 
Geweben und Organen durch Cholséure auf der obengenannten 
Ursache beruht oder nicht, bleibt noch offen. 

Die Bedeutung des Magnesium im Tierorganismus fur den 
Stoffwechselvorgang stellt ein wichtiges Problem dar. Hinerseits 
haben Me. Collum u. seine Schiiler (1932) berichtet, dass das 
Magnesium als Nahrungsbestandteil fiir das Wachstum und Leben 
des Tierorganismus unentbehrlich ist, andrerseits haben Meyer- 
hof u. Lohmann (1932), Lohmann (1931), Erdmann (1927/ 
28), Euler, Nilsson u. Auhagen (1931), Myrback u. Euler 
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(1931) auf die Rolle des Magnesium in der biologischen Kohle- 
hydratspaltung aufmerksam gemacht. Nach diesen Autoren soll 
das Magnesium fiir die Synthese und die Spaltung der Zucker 
mit Phosphate und der Adenosintriphosphorsaiure unentbehrlich 
sein, welch letztere bei den dem Abbauprozess des Zuckers im 
Muskel sowie in der Hefegihrung mit Magnesium und anorgani- 
schem Phosphat als unbedingt notwendiger Bestandteil der bisher 
sogenannten Cozymase betrachtet wird, und nach Meyerhof u. 
Lohmann(19382) dient das abgespaltene Phosphat der Adenyl- 
pyrophosphorséure zum Aufbau des Phosphagens und dessen Phos- 
phorsdure geht erst bei der Phosyhorylierung des Zuckers tber. 

Nach der Untersnehung von Uraki(19381) fordert die Gal- 
lensdure die Phosphorylierung des Zuckers im Muskel und in der 
Leber, und nach Takata(1982) soll die Wirkung der Phosphatase 
der Leber und der Niere durch Gallensiure gehemmt werden, 
welch letztere bekanntlich im Kohlehydratstoffwechsel eine grosse 
Rolle spielt, indem sie die Glykogenie in der Leber und im 
Muskel fordert und die Glykolyse u. Glykogenolyse hemmt. 

Weiter besteht nach der Untersuchung von Watanabe 
(1932/34) eine innige Beziehuug zwischen den Wirkungen von 
Gallensaéure und von Adenylsiure bzw. Adenylpyrophosphorsaure 
beim Kohlehydratstoffwechsel im Muskel und in der Leber, indem 
die Adenylsiure die Glykogenie der Leber u. des Muskels férdert 
und die Adenylpyrophosphorsiure die Glykogenie in beiden 
vermindert, wobei nach ihm die Adenylsaure fermentativ in 
Adenylpyrophosphorsaure umgewandelt wird, um den Zuckerab- 
bau zu fordern, was auch durch Gallensiure gefordert wird. 

Die fermentative Spaltung dieser Nucleinsiure wird nach 
Karasawa (1926/27), Hatakeyama (1927) und Okamura 
(1930) bei Gegenwart von Gallensiure gesteigert. 

Somit muss das am Kohlehydratstoffwechsel sich beteiligende 
Gozymasesystem durch Gallensiure beeinflusst werden, was eine 
verdnderte Verteilung der Magnesiumionen im Gewebe, z. B. im 
Muskel, zur Folge haben muss. Infolgedessen diirfte die Aus- 


scheidung des Magnesium im Harn durch Gallensiiure beeinflusst 
werden. 


Magnesiumstoffiwechsel und Gallensiure. 439 


Nach den oben angedeuteten zwei Richtungen hin habe ich 
zuerst die Magnesiumausscheidung im Harn des normalen sowie 
des splanchnikotomierten Kaninechens bei Zufuhr von Galleusiiure 
untersucht. 


EXPERIMENTELLER TEIL. 


Zum Versuch wurden kraftige, gut erwachsene minnliche 
Kaninchen verwendet, die 7-10 Tage lang mit einer bestimmten 
Menge Nahrung gefiittert worden waren. Die Nahrung bestand 
aus 50¢@ trockener Okara, 50¢@ Riibenbléttern und 120 ccm 
Wasser. , 

Der Versuch wurde in 3 Perioden: Vor-, Versuchs- und 
Nachperiode geteilt. In der Versuchsperiode wurde den Kanin- 
chen 3cem einer 1%igen Na-Cholatloésung pro Kilo subcutan 
verabreicht. In jeder Periode wurde der Harn 24 Stunden lang 
eesammelt und morgens friih durch Katheterisieren und Nachwa- 
schen der Blase mit 2%iger Borséurelésung abgegrenzt. 

Der gesammelte Harn und das Waschwasser wurden mit 
Wasser auf 500 ccm aufgefullt, und der Magnesiumgehalt nach 
der Methode von Me Crudden(1901) bestimmt. Nach dem 
Katheterisieren des Harns wurde immer die obenangegebene 
Nahruug verabreicht und zwar in der Versuchsperiode erst nach 
dem Harnauslassen und der Cholatzufuhr. 

Um den Einfluss der vegetativen Nervenfunktion auf die 
Magnesiumausscheidung im Harn festzustellen, wurde das Kani- 
nehen nach Schulze(1900) splanchnikotomiert. 

8-13 Tage nach der Operation wurde bei diesen splanch- 
nikotomierten Kaninchen der gleiche Versuch ausgefiihrt, wie bei 
den normalen Kaninchen. 

Die Resultate sind in den folgenden Tabellen zusammen- 


gefasst. 
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TABELLE I. 
Korpergewicht 2080. 
, Havrn- Me-gehalt 
a pete Reaktion ee 5 Bemerkungen 
ecm thi mg mg’7o 
12/XI 131 alkalisch 1025 64,746 49,424 
13/XI 156 ss 1020 69,435 44,510 
14/XI 150 ss 1022 60,605 40,403 
15/X1I 141 33 1025 46,870 33,241 9 
2 = = 3eem 1% Na- 
16/XI | 184 : s 58,315 | $2,218 | nolatlés. pro Kilo 
17/X1 121 ‘ 36,735 30,360 
18/X1 173 5 59,515 34,402 
19/XI 147 if eS 78,700 53,537 
20/XI 100 5% 1030 42,300 42,300 
TABELLE IT. 
Korpergewicht 2219 
Harn- | Meg-gehalt 
Dat | pee 
‘ oy menge |Reaktion| %P°° Bemerkungen 
(1932) (cem) | Gew. me me% 8g 
12/XI 138 | alkalisch 1025 67,255 48,736 
By Oat 153 4 © 62,350 40,752 
14/XI La eee - 66,710 | 39,012 
eS — | — | = 
1byp:4 aa ; . 55,810 | 30,005 
16/XI 9 | . 1030 < 3ecm 1% Na- 
/ ee | 2 33,570 | 34,969 cholatlos. pro Kilo 
NW /aXeD: 122 $ a 50,685 41,537 
18/XI 155 1025 76,955 49,648 
19/XI | 169 ” 17,715 45,985 
20/XI | 194 re 1020 70,525 36,353 
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TABELLE III. 


Korpergewicht 2450 


Datum | Harn- ; anoe Mg-gehalt 
(1932) | menge Reaktion Gew Bemorkungen 
z (eem) : me | me% 


| 
| 


22/X1 135 alkalisch 1025 63,330 44,449 


23/XI ASL - 2, - 61,585 | 40,785 

24/X1 130 f . 63,440 | 48,800 

25/XI i as 1020 | 47,956 | 26,642 

oA / x 5 | = 3ecem 1% Na- 
26/XI 123 leer) 1030 | 41,640 | 33,854 | iis. nro Kilo 
25 TED aes e 73,030 | 63,504 

28/XI 182 i a 63,110 | 51,737 

29/XI 165 e 5s 84,645 | 51,300 

30/XI 147 = | 79,570 | 54,129 


TABELLE IV. 


Korpergewicht 2100 


Daten Harn- ee Mg-gehalt 

(1932) menge |Reaktion C : ] Bemerkungen 
= (eem) PW mg mg% 

d/-XI1 173 alkalise 1022 62,569 36,165 

6/XI1 145 5 1030 63,545 43,824 

7/XII 155 > 53 65,835 42,474 

8/XII 121 * A 42,745 35,326 aN 

RM OReae Sy RS 3cem 17% Na- 

9/X1I1 160 "3 “ 52,075 32,859 cholatlés. pro: Kilo 

10/XII 80 3 1035 53,845 67,306 

I/O 162 7% i 57,660 35,990 

12/X1I1 148 = 82,295 55,605 

13/XII 164 op % 88,615 | 54,034 
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TABELLE V. 


K6rpergewicht 1390 


; Harn- Mg-gehalt 
es menge | Reaktion con = ; Bemerkungen 
ene (eem) pis mg me% 
25/X 141 alkalisch 1022 31,400 22,270 
26/X 132 43 30,145 22,496 
27/X 147 5 e 31,290 21,286 
28/X 115 5 1030 23,315 20,274 9, 

s fe 8cem 1% Na- 
29/X 131 24 # 23,975 18,302 cholatlés. pro Kilo 
30/X 154 3 - 41,610 27,019 
31/X 166 e e 51,330 30,922 

1/XI 151 33 5 71,045 47,049 
2/X1 146 2 ” 77,435 53,038 


1. Versuch bet normalem Kaninchen. 


Wie aus den Tabellen I-IV ersichtlichist, betragt der tagliche 
Magnesiumgehalt des Harns in der Vorperiode der absoluten Menge 
nach durehsehnittlich 62,79-65,44 mg und prozentual 40,82—44,68 
me %, und in der Versuchsperiode der absoluten Menge nach 
durchsehnittlich 44,69-52,59 me und prozentual 30,25-34,09mg %. 

Durch Zufuhr von Cholséure wird die Magnesiumausschei- 
dung im Harn 2 Tage lang sowohl der absoluten Menge nach als 
auch prozentual ohne Ausnahme herabgesetzt und zwar gegen- 
iiber der der Vorperiode der absoluten Menge nach um 18,99- 
31,71% und prozentual um 16,48-32,29%, wihrend der Magne- 
siumgehalt im Harn am dritten Injektionstage der absoluten 
Menge nach durchschnittlich 46,69-54,21 me und _ prozentual 
31,94-45,16% betragt und im Vergleich zur Vorperiode der 
absoluten Menge nach um 13,66-28,64 % und prozentual um 7,48 
~27,04 % herabgesetzt wird. 

Durch die fortlaufende tégliche Zufuhr von Cholsiiure wird 
die Magnesiumausscheidung im Harn in den spiteren Tagen 
gegentiber der in den friiheren Tagen dagegen vermehrt. 

Was die Magnesiumausscheidung im Harn in der Nachperiode 
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anbetrifft, so betrigt der Gehalt an Magnesium der absoluten 
Menge nach durehsehnittlich 60,17-76,19 mg und prozentual 43,41 
—52,39 mg %, wie aus den Tabellen I-IV ersichtlich ist. 

Verglichen nimlich mit dem in der Vorperiode wird der 
Magnesiumgehalt in 3 Fallen der absoluten Menge nach um 
14,56-22,23% und prozentual um 2,71-17,27% vermehrt, im Ver- 
gleich zu dem am dritten Tage in der Versuchsperiode der 
absoluten Menge nach um 27,2-60,78% und prozentual um 23,92- 
35,90% gesteigert. 

Die Magnesiumausscheidung im-Harn wird also nach dem 
Aufhéren der Cholatzufuhr im allgemeinen vermehrt oder wieder 
auf die Norm zuriickgebracht. 

Aus der Tabelle V ist ersichtlich, dass bei dem ftinften 
Versuch der Magnesiumgehalt in der Vorperiode der absoluten 
Menge nach durchschnittlich 30,95 mg und prozentual 22,026 mg 
%, der in der Versuchsperiode absolut 26,67 mg und prozentual 
21,87 mg % und der in der Nachperiode absolut 66,6mg und 
prozentual 43,67meg % betragt. Durch Zufuhr von Cholsdure 
wird hier auch die Magnesiumausscheidung absolut sowie pro- 
zentual herabgesetzt, obwohl bei diesem Versuch der Magnegium- 
eehalt durch die Verschiedenheit in der Nahrung Okara klein 
ist, und in der Nachperiode deutlich vermebhrt. 

Nach der Untersuchung von Iwado(1934) wird durch Zu- 
fuhr von Cholsiure der Ca/Mg-Quotient im Organ und Gewebe 
stark verschoben und ausser in der Lunge und dem Knochen 
betrachtlch gesteigert. 

Wenn einmal eine solch starke Verschiebung im Verhaltnis 
von Calcium zu Magnesium in Organen und Gewebe herbeiftihrt 
wird, so muss der Organismus naturgemiss danach streben, das 
normale Jonengleichgewicht wieder herzustellen, 

Diese Daten zeigen hier einen relativen Mangel an Magne- 
sium gegeniiber dem Calcium. 

Die Mehrausscheidung des Magnesium im Darm bei Zufuhr 
von Cholsiure nach Kuramoto(1933) kann auch als ein Faktor 
fiir diesen Magnesiummangel betrachtet werden. 

Hierbei miisste also entweder das Magnesium an dem Gewebe 
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TABELLE I. 
Korpergewicht 2215 
. is = 
 ‘Harn- Mg-gehalt 
ne _ menge | Reaktion Ge Bemerkungen 
| (eem) : mg mg% 
12/11 102 alkaliseh 1030 77,270 75,755 
{a7 101 . - 70,443 | 69,747 
13/11 93 5 Be 63,454 68,230 
| 
18/11 | —~76 " , 57,610 | 60,011 
16/11 81 % = 60,888 75,170 
UAL 96 5 53 (d,012 78,658 
20/11 Splanchnikotomie 
Sy/SEILib | 105 * 5 39,590 37,705 
6/111 144 3 a 34,403 23,891 
7/111 95 5 oo 36,150 38,053 
S/TIT | 1114 - 1025 | 36,368 | 31,902 
9/III | alyal Fe - 43,140 25,228 
10/1I1L 96 5 re 53,842 56,086 
igY/AM EE 99 7 1030 47,126 47,601 
12/7 96 s a 28,068 29,237 3 com 1% Na- 
13/TII 74 2 1035 | 27,468 | 37,118 |Cbolatlos. pro Kilo 
14/111 90 ny 55 37,952 42,170 
15/TI1I 117 4) 1030 57,720 49,333 
16/III | 115 ” 51,592 62,253 
IV GABHE 124 oA 1027 64,000 51,613 
18/III| 120 s 54,771 | 45,642 
19/III | 106 7 f 66,616 | 57,185 
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TABELDE IT. 


Korpergewicht 2100 


‘igh D ee Reaktion pate eee Bemerkungen 
(eem) | mg mg % 
25/11 82 |alkalisch! 1030 | 41,993 | 51,211 
26/II 129 . e 61,870 | 50,713 
27/11 92 ‘ A 48,874 | 53,124 
28/11 97 * r 65,584 | 67,613 
1/III 91 is » | 60,883 | 66,850 
2/III 92 - | 42,103 | 45,763 
7/111 | Splanchnikotomie 
19/111 93 - r 41,939 | 45,096 
20/TII | 105 : , | 51,277 | 48,835 
21/III 100 t 1022 | 60,504 | 60,504 
22/TII 87 ss 1025 | 49,365 | 56,741 
23/III | 103 a Z 40,245 | 39,072 
24/III 80 ., 1030 | 23,809 | 28,761 
25/TII 85 _ 1022 | 27,249 | 82,058 | 9 oom 19 No- 
26/IIL| 73 M 1025 | 20,606 | 28,952 | Cholatlés. pro Kilo 
27/TII 88 v 4 26,921 | 30,593 
28/III | 112 z 7 36,751 | 26,065 
29/III | 170 ie 3 40,627 | 23,898 
30/1II | 125 ¥ 3 55,263 | 44,210 
31/III | 109 F, 1022 | 34,512 | 31,662 
Viv | 110 - 1020 | 50,513 | 45,921 
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TABELLE IIT. 
Korpergewicht 2280 
Harn- Mg-gehalt 
eee menge | Reaktion te Bemerkungen 
(eem) ; mg meg % 

4/T 110 alkaliseh 1030 83,986 76,351 

5/1 176 A 3 69,133 39,280 

6/1 133 55 of 63,017 47,381 

(pM 158 3 a 74,812 47,350 

8/1 130 “i ms 44,771 34,439 

9/T Splanchnikotomie 
16/1 105 35 5 55,754 53,099 
At 126 5 as 60,669 48,134 
18/1 112 ‘5 mH 55,536 49,586 
19/1 94 x ” 42,921 45,661 
20/1 106 > 9 51,277 48,372 
21/1 94 ; g 

i, ” ” 47,399 31,811 3 cem 1% Na- 

22/T | 106 ? 1035 | 34,129 | 56,883 | Cholatlos. pro Kilo 
Bey 112 5 1030 60,233 53,779 
24/1 95 eS is 64,164 67,541 
25/1 107 . 47,071 43,992 
26/1 105 ‘ a 50,839 48,419 
UAE 91 A a 50,403 55,393 
28/1 78 34 e 36,150 46,347 
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Korpergewicht 2150 


TABELLE IV. 


ies re Reaktion oe vib ee Bemerkungen 
(cem) mg me% 

26/II | 106 |alkalisch] 1030 | 70,225 | 67,792 

27/11 95 . - 72,737 | 76,565 

28/II_ | 123 . : 66,785 | 54,296 

yur} us p 7 65,693 | 55,673 

2/TII| 116 - _ 59,686 | 51,451 

7 /auln Splanchnikotomie 

19/III | 117 - 1027 | 51,549 | 44,059 

20/III | 124 “ # 51,386 | 41,440 

21/III | 126 e Z 46,634 | 37,012 

22/TII | - 110 ne . 43,850 39,864 

23/IIT | 113 os - | 36,259 | 33,888 

24/III | 135 > ' 39,098 | 45,998 

SyTIn | ~ 92 Z 1030 31,946 | 34,724 | 3 00m 1% Na- 

26/TII | 90 ‘ 36,368 40,409 cholatlés. pro Kilo 

27/TII | 145 . 1025 | 41,829 | 28,847 | 

98/TIL | 158 , , | 48,491 | 30,690 

29/TII | 130 4 es 35,713 | 27,472 

30/III | 158 i . 42,593 | 27,839 

Si/1iL 115 2 » | 45,433 | 39,506 

1/IV 103 1030 | 36,533 35,468 
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TABELLE V. 
Korpergewicht 2140 
Harn- Meg-gehalt 
rE menge |Reaktion noe ; Bemerkungen 
(cem) ; mg mgYo 

12/11 78 alkalisch 1030 77,489 99,344 
13/11 64 " 5 49,365 77,133 
14/11 112 es Ms 69,461 62,019 
s/f ETT 92 - “s 65,310 70,988 
16/11 74 3 1035 39,973 54,018 
IAM 83 . * 55,809 67,239 
20/11 Splanchnikotomie 

5/III 116 - 1030 54,335 46,840 

6/111 116 3 1022 40,627 35,023 

7/T11 113 4 1025 45,488 40,255 

8/IIL 108 1030 40,627 37,619 

9/TIT 103 BS # 48,438 47,027 
10/11 70 Ae 1035 44,778 63,970 
eyelet 7a . 3 43,140 60,760 

2 5 5 
12/111 75 3 a 42,373 56,497 8 cem 1% Nac 
13/III 73 « - 32,273 44,210 cholatlés. pro Kilo 
14/TIL 77 5 1025 28,779 37,375 
15/TII 96 ss 1035 35,928 37,425 
16/111 140 %) 1030 68,314 48,796 
IE 103 a Ss 60,670 58,901 
18/III 104 PA 55,263 58,138 
19/III 96 s 5 40,814 42,515 
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TABELLE VI. 


Korpergewicht 2680 


Dato Harn- nee Mg-gehalt 
1930 menge a Bemerkungen 
( ) (ecm) Gew. mg me% : 
4/T ales) 1026 91,085 67,471 
5/1 144 - 76,014 | 52,787 
6/1 125 1030 65,857 52,685 
Kb Al 104 oe 63,657 80,441 
8/1 ple h2 5 63,563 56,753 
9/1 Splanchnikotomie 
16/I 102 2 56,355 | 55,250 
17/T 109 bs 69,406 | 63,675 
18/1 105 1035 59,968 57,113 
19/T 95 1030 69,406 73,059 
20/1 96 4 78,253 | 81,513 
9° x = 26 
21/T 113 1035 67,386 59,633 3ccm 1% Na- 
29/1 140 Gorse 4g sag | Coomtics: pre Kilo 
23/1 114 1030 67,209 58,994 
24/T 82 re 56,901 | 69,392 
25/1 83 hy 58,757 | 70,792 
| 
26/T 106 4 68,202 | 64,343 


festgehalten werden, um den Ca/Mg-Quotienten moglichst in ein 
normales Verhaltnis zu bringen, oder das Calcium moglichst 
rasch vom Gewebe herausgebracht werden, indem bei Cholsaure- 
zufuhr das Calcium im Harn vermehrt ausgeschieden wird, wie 


Sekitoo(1929) es bewiesen hat. 


Man darf hierbei noch mit Wahrscheinlichkeit annehmen, 
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dass die Verschiebung des durch Cholsiure angesetzten Magne- 
sium erst nach der Ausscheidung des tiberschiissigen Calcium in 
erdsseren Massen in die Blutbahn erfolet, was die Vermehrung 
des Magnesium im Harn zur Folge hat. 

Was den Hinfluss des biologisechen Vorganges im Kohlehy- 
dratoffwechsel, an dem sich das Magnesium als Co-ferment be- 
teiligt, auf die Magnesiumausscheidung im Harn bei Zufuhr von 
Cholsiure anbetrifft, so muss diese Frage noch weiter verfolgt 
werden. 


2. Versuch bei splanchnikotomiertem Kaninchen. 


Bei diesem Versuch wurde zuerst die Magnesiumausscheidung 
im Harn des normalen Kaninchens einige Tage lang bestimmt. 
Dieses Kaninchen wurde splanchnikotomiert und erst, nachdem 
es sich von der Operationswunde erholt hatte, zum Versuch ge- 
braucht. Der Versuch wurde in genau der gleichen Weise aus- 
eefthrt, wie es beim vorigen Versuch angegeben ist. In der 
Versuchsperiode wurden diesmal 2 Tage lang je 3ccm einer 
1 %igen Na-Cholatlosung subeutan injiciert. 

Wahrend des Versuches wurde das Kaninchen im normalen 
sowie splanchnikotomierten Zustand immer mit der bestimmten 
eleichen Nahrung gefiittert. 

Aus den Tabellen I-VI ist ersichtlich, dass der Magnesium- 
gehalt im Harn vor der Operation der absoluten Menge nach 
durchsehnittlich 53,55-76,04mg und prozentual 48,96-71,79 me %, 
dagegen nach der Splanchnikotomie der absoluten Menge nach 
durchschnittlich 39,58-66,67 mg und prozentual 37,21-66,12 me %, 
betragt. Nur in einem der Falle ist er etwas vermehrt. 

Die Magnesiumausscheidung im Harn des splanchnikoto- 
mierten Kaninchens wird also gegen die vor der Splanchnikoto- 
mie der absoluten Menge nach durchschnittlich um 12,3-41,4% 
und prozentual in 4 Fallen um 16,8-47,8% vermindert, aber in 
2 Fallen um 6,6-8,2 % vermehrt. 

Der Magnesiumgehalt des Harns von splanchnikotomierten 
Kaninchen bei Zufuhr von Cholsaure betraigt der absoluten Menge 
nach durchschnittlich 23,94-64,11 mg und prozentual 30,21-51,54 
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meg %, wahrend er in der Nachperiode der absoluten Menge nach 
durchschnittlich 40,76-62,78 mg und prozentual 31,64-65,88 me % 
betrigt; er ist dabei in der Nachperiode gegeniiber der Versuchs- 
periode absolut in emem Fall und prozentual in 2 Fallen ver- 
mindert. 


Die Magnesiumausscheidung im Harn des splanchnikotomier- 
ten Kaninchens bei Zufuhr von Cholsaéure wird also gegen die 
der Vorperiode der absoluten Menge nach durchschnittlich um 
3,9-46,2 % und prozentual um 8,1-35,1 % herabgesetzt, aber pro- 
zentual in einem Fall um 6,3 % gesteigert. 

Die Magnesiumausscheidung im Harn des Kaninchens wird 
also durch Splanchnikotomie herabgesetzt, und diese Herabsetzung 
wird durch Cholsadure weiter verstaérkt, um dann wieder zum 
Anfangswert des splanchnikotomierten Kaninchens zurtickzukeh- 
ren. 

Die Magnesiumausscheidung im Harn des Kaninchens steht 
also mit der vegetativen Nervenfunktion bzw. mit der Funktion 
des sympathischen Nerven in innigem Zusammenhang, ebenso 
wie es bei der Calciumausscheidung im Harn der Fall war, was 
von Kitayama(1927) bewiesen wurde. 

Beim Ausfall der sympathischen Nervenfunktion wird die 
Magnesiumausscheidung im Harn vermindert, und diese Ver- 
minderung wird durch die den Sympathicus lahmende Cholséure 
nach Sekitoo(1930) u. Tsuji(1930) weiter verstirkt. 

Diese Tatsache weist darauf hin, dass die durch Zufuhr von 
Cholséure verminderte Magnesiumausscheidung im Harn zum 
Teil auf die Veranderung des Erdalkalienionenverhaltnisses in 
Organ und Gewebe zuriickzufiihren ist, die durch den Ausfall 
der sympathischen Nervenerregung verursacht wird. 


ZUSAMMENFASSUNG. 


1. Die Magnesiumausscheidung im Harn von Kaninchen 
wird durch Splanchnikotomie herabgesetzt. 

2. Die Magnesiumausscheidung im Harn des normalen sowie 
des splanchnikotomierten Kaninchens wird dureh Zufuhr von 
Cholsaure ebenfalls herabgesetzt. 
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Aus diesen Daten geht hervor, dass die Magnesiumausscheid- 
ung im Harn mit der Funktion der vegetativen Nerven eng 
verkniipft ist. 
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INTRODUCTION. 


Studies on the regulation of human respiration which have 
hitherto been reported are too numerous to be enumerated here. 
It need only be mentioned that the conception originated by 
Haldane and Priestley in 1905 that the activity of the 
respiratory centre is regulated mainly by the COs-pressure of the 
arterial blood, is still a current belief. As the direct determi- 
nation of the arterial gaseous pressure is not an easy matter, the 
COs-pressure of the alveolar air sample, which is regarded as 
holding an equilibrium with the arterial blood, is usually taken 
as its index. Haldane and Priestley concluded from estima- 
tions of their alveolar air, on inspiring an air abnormally rich 
in COs, that an increase of 0.2 per cent. of COs in the alveolar 
air, which is equal to a pressure of ca. 1.5mm Hg, is sufficient 
to double the alveolar ventilation. In their monograph published 
recently (1935), they insisted that this conclusion applies to 
general cases of human subjects at rest, and also that this varia- 
tion corresponds to a difference of 0.012 in the blood pH. This 
latter correspondence they inferred from the experiments of 
Hasselbalch and Lundsgaard (1912) with human blood. It 
is, however, questionable if such a minute change in the alveolar 
CO>-pressure or in the arterial blood pH so markedly influences 
the respiratory centre that the lung ventilation is doubled when 
the subject is respiring atmospheric air. In the example cited 
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in their monograph (pp. 21 & 22) proving the constancy of the 
alveolar CO2 of one and the same person during an interval of 
about 20 months, a variation of from 5.40 to 5.87 % (for J. 8S. 
I1.)or from 5.985 to 6.835 % (for J. G. P.) are noticeable. They 
supposed such a daily variation was due to the efforts of the 
respiratory centre to compensate for various disturbances and 
thereby to keep the constancy of the blood pH. But the existence 
of any correlation between the alveolar CQOz-pressure and the 
arterial blood pH on their daily variations has not yet been 
experimentally shown. Sasaki (1927), who studied the problem 
in our Institute, maintained that during normal respiration some 
other factor than the alveolar COs-pressure controls the depth 
of respiration, which in turn has an influence on the alveolar 
gaseous pressures. 

Recently, in our Institute, Yoshimura (1936), devised a 
method for estimating the arterial blood pH, and Saito (1937) 
an apparatus for analysing the arterial blood gases of human 
subjects, using a few drops of blood collected from an ear-lobe 
that had been previously warmed so as to dilate the small blood 
vesséls. Now, applying these methods, we outlined a series of 
researches to examine the regulative action of arterial blood on 
human respiration. As a preliminary experiment variations of 
the gaseous contents and the pH of arterial blood were studied 
in man at rest with reference to their influence upon various 
respiratory factors. 


METHOD AND PROCEDURE. 

The arrangement for collecting the expired as well as the 
alveolar air is sketched in the figure. The subject inspires atmos- 
pheric air from a mouth piece (a) through an inspiratory valve 
(b) and expires through an expiratory one (c). The dead space 
between the two valves is 87ce. Expired air may be collected 
in a rubber bladder (e) of some 14 J capacity by turning a three- 
way tap (d), to which the bladder is attached. The bladder 
is folded just like a foot-ball bladder when it is empty. Before 
the expired air is collected in it, it is first washed with expired 
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air to prevent the sample from being contaminated with the 
ordinary air remaining in the dead space of the bladder. A side 
opening (f), which is otherwise left closed, serves for this purpose. 
The valve (2) serves for counting the respiration. Everywhere in 
the arrangement the bore is 2¢m. or more except that of the 
mouthpiece and of the branches of the tap which measures about 
17cm. On respiring through this arrangement, the subject feels 
no resistance, though between the two valves there is a negative 
pressure of from 0 to —2mmHs0 during inspiration and a 
positive one of from 4 to 6mm HO while the expired sample 
is collected. The air expired during 5 or 10 respirations according 
to the case is collected in the bladder, while the time lapsed 
during these respirations is measured with a stop-watch. <A 
measured portion of the sample is analysed by means of the 
Haldane apparatus. The volume of the rest of it is measured 
with a laboratory gas-meter graduated to 20cc. From these ob- 
served data are calculated the frequency and the depth of res- 
piration, the lung ventilation, as well as the O2 absorbed and 
the CQ2 eliminated. All gaseous volumes are calculated in the 
dry and N.T.P. state. The gaseous exchange for such a short 
period is estimated as a function of respiration, but not as an 
indicator of metabolism of the subject. 

The alveolar air is collected in a collection syringe (h) fitted 
to a side hole of the tube just outside the expiratory valve. 
The detail of the syringe was described in Sasaki’s paper. 
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Collection of the alveolar air is carried out by the Haldane- 
Priestly method. The original method is designated to collect 
the sample twice, once at the end of normal inspiration and 
next at the end of normal expiration successively and to average 
the two analyses. According to Bock and Field (1924), how- 
ever, the COs-pressure of the alveolar air taken at the end of 
expiration approaches more closely that of the arterial blood than 
that taken at the end of inspiration. So in the present research, 
alveolar air was collected at the end of normal expiration only. 
The procedure of the present research is as follows: The 
subjeet respires at rest in a sitting position, through the arrange- 
ment described above for 20 minutes or longer. Then his expired 
air is collected as described above, and his blood is also collected 
in the manner described in Saito’s paper. Immediately after 
these collections the alveolar air sample is collected by making 
a Sharp and deep expiration at the end of the following normal 
expiration, while the inspiratory opening is closed by turning an 
attached tap (i), and the mouth-piece with the tongue. 
Throughout the whole research, one of us, Shoji (male, 50 
years old, weight 82 kg) who planned the present research, served 
as the subject. The blood pH was measured by Yoshimura by 
means of his micro-glass electrode to an accuracy of 0.02 pH. 
The blood gas analysis was performed by Saito with his micro- 
modification of the Van Slyke-Neil apparatus. The data are 
reliable to 1 vol. % at least, Collection of the respiratory samples 
and their estimates were in charge of Fujimoto. The gas 
analysis was performed as usual with a Haldane apparatus. 


RESULTS. 


I. Ina single experiment the estimates described above were 
repeated for about 2 hours with intervals of about 20 minutes. 
Experiments were repeated several times on different days, and 
the following facts were found: The blood pH remains unchang- 
ed within the scope of experimental accuracy. Variations in the 
COs- or the Ov-content of the blood are within 1.5 vol. %, which 
somewhat exceeds the scope of experimental error. The alveolar 
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COs-pressure remains quite constant in some eases, but it often 
shows a sudden change of 1 or 2mm Hg., which does not always 
accompany a corresponding variation in the COs-content of the 
arterial blood. The alveolaf Os-pressure is still more labile, vary- 
ing sometimes 5mm or so. The respiratory frequency and the 
depth of a single respiration fluctuate independently of each 
other, their variations sometimes reaching 20 % of their initial 
values. These two varying factors rather compensate each other, 
so that the variation of the lung ventilation per minute never 
exceeds the mentioned percentage. “The largest variation in the 
gaseous exchange, i. e. the Oo-absorption and the CO>.-elimination 
per minute, is also of asimilar magnitude. <A tendency is noticed 
that the gaseous exchanges estimated as described above vary 
with the lung ventilation. Table I will suffice as an example. 
It is especially to be mentioned that no correlation is found 
between the respiratory depth or the lung ventilation, and the 
alveolar COo-pressure or the COs-content of the arterial blood. 
This shows that the Haldane principle does not apply to the 
respiratory variations of a man at rest during a few hours. 

II. The estimates were repeated at times during the period 
from 138th May to Ist July, 1936. Results are summarized in 
Table II. Here we see that the alveolar COv.-pressure varies 
from 40.3 to 44.83mm Hg., and the alveolar Os-pressure from 
94.3 to 105.5 mm Hg. The CO:- and the O2-contents of the arterial 
blood vary from 46.7 to 51.7 vol. % and from 17.1 to 19.8 vol. 
% respectively, while its pH fluctuates from 7.33 to 7.40. The 
magnitude of these variations exceeds somewhat the average of 
those taking place during a few hours. If the blood properties 
be the same, the gaseous contents of the arterial blood should 
vary with the alveolar gaseous pressures, and the blood pH should 
vary relating with its COs-content and the alveolar COs-pressure 
according to the Hasselbalch equation. In the table, however, 
no such correlations are observed, these functions varying quite 
independently of each other. 

Other respiratory functions, i. e. the frequency and the depth 
of respiration, the lung ventilation and the gaseous exchanges 
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TABLE I. 
Respiration at rest over 2 hours. (Room temp. 16.0-18.5°C) 
Alveolar air} Arterial blood . Respiration Gas. exchange 
- ————— a a ———— —_—_—_ oO 
Time | “Go, 0. CO, O2 pH _ |Freq. Depth Ventil.|CO,-elim. O,-abs 
mm He mm Hg] vol. % vol. % /min. cc. l/min. |ec./min. ec./min 
0 44.3 99.2 isi IMO 733s) 10. Bot Vaso) 144 154 
24 44.7 103.6 52.5 20.3 7.34 ik SSS _ _ 
47 44.5 101.7 S14 1 O36 10.5 374 3.93 154 151 
CU 44.9 98.4 52.4 19.2 7.34 9.6 426 4.09 168 191 
98 44.5 98.7 S40 WO Wao 10.0 366 3.66 154 167 
121 45.7 97.1 51.0 19.4 7.34 10.0 395 3.95 152 167 
TasueE II. 
Respiration of the same subjeet at rest on different days. 
Alveolar air Rh, 
| Arterial “blood Respiration Sere ae 
Date |Temp. co O ee een ———_———. | Co- OO, 
(1936) XG, ee ae CO, O, pH |Freq. Depth Ventil.| elim. abs. 
He He vol.% vol.% /min. ce. I/min| ec/  ee/ 
; el Par ree min. min. — 
May 13) 19.5 | 42.2 105.5 | 50.2 19.1 7.35 14.5 440 6.38 225 222 
x es 42.2 103.0 | 51.0 19.4 7.36 15.0 402 6.03 213 216 
16| 22.0 | 43.9 100.4 | 46.7 18.6 7.3 14.6 411 6.00 210 228 
a oS AED OO 41.6) 19:3" We36 13.3 4389 5.84 189 186 
20) 19.6 | 41.0 105.2 | 50.1 19.4 7.37 11.7 364 4.26 160 169 
23| 22.6 | 40.8 94.3 | 48.0 19.5 7.36 12.2 421 95.14 158 206 
27| 20.1 | 40.7 104.7 | 49.2 18.6 7.386 12.9 481 6.20 220 232 
30] 20.0 | 41.7 101.3 | 50.4 19.8 7.36 11.9 462 5.50 213° 244 
June 3] 22.0 | 44.3 98.8 | 51.4 18.3 7.40 11.6 514 5.96 259 290 
d| 22.7 | 40.9 103.3 | 50.9 17.4 7.36 10.9 471 5.13 207 225 
8| 21.8 | 42.1 101.6 | 49.8 18.8 7.35 12.38 450 8.54 218 249 
10} 22.4 | 44.0 101.7 | 50.6 18.6 7.34 114 449 5.12 205 235 
13} 24.9 | 42.1 103.9 | 51.7 18.4 7.35 SM) ay Saya 234 264 
16| 26.2 | 44.0 101.6 | 50.2 18.2 7.35 10.0 486 4.86 218 234 
20} 28.6 | 44.1 104.2 | 48.7 18.4 7.40 9.6 495 4.75 202 203 
23] 26.9 | 42.8 101.7 | 50.0 17.1 7.3 10.6 485 5.14 29" 236 
July 1] 24.8] 43.3 99.2 150.1 17.7 7.38 11.6 3886 4.48 173 194 
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per minute, also show quite independent fluctuations, the scopes 
of which exceed somewhat those occuring over a few hours. It 
is worth mentioning that the variation in the respiratory depth 
or the lung ventilation is not controlled by the blood CO:-content 
or the alveolar CO2-pressure, so that the Haldane principle does 
not apply in this case either. 

Correlations, though rather faint, observable among the data 
given in Table II, are those held between the room temperature 
and the Os-content of the blood, as well as the frequency of 
respiration, the latter two decreasing with raised temperature. 


SUMMARY. 


The gaseous content and the pH of the arterial blood, the 
alveolar gaseous pressures, aS well as the frequency and the depth 
of respiration, the lung ventilation and the gaseous exchange per 
minute were estimated, all at the same time, on one and the same 
person at rest, repeatedly during a few hours, and also for a 
period of some seven weeks; and the scope of variations of these 
functions was studied. No correlations could be found among 
them. Especially was it ascertained that the Haldane principle, 
that the alveolar or arterial CO». controls the lung ventilation, 
does not apply in the case of a man at rest during the period 
mentioned above. 


The expenses of this investigation were defrayed partly by 
a grant fom Hattori-Hokokwai to two of us (R.S. and H. Y.), 
and partly by another one from the Educational Department 
of the Government to one of us.(K.S.), for which we record our 
thanks. 
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UBER DAS VERHALTEN DES CHOLESTERINS UND 
SEINER ESTER IM BLUTE BEI VERSCHIEDENEN 
LEBERKRANKHEITEN. 


Von 


KENZO KUSUI. 
(dus der Medizinischen Universitdtsklinik von Prof. Dr. S. Tsunoo, 


Nagasaki.) 


(Eingegangen am 11. Miirz 193%) 


In den letzten Jahren ist das Interesse fiir das Blutcholesterin 
wieder stark aufgelebt, und zwar dank der Einfiihrung der 
Windausschen Digitoninmethode, die in einer relativ geringen 
Blutmenge die getrennte quantitative Bestimmung des freien und 
des als Ester gebundenen Cholesterins ermoéglicht. Hirthle 
(1895-96) fand zuerst Oelsdure- und Palmitinsaéure-Cholesterines- 
ter als normale Bestandteile im Blutserum von Hund, Schwein, 
Hammel, Rind und Pferd. Heute ist auch beim Menschen die 
Tatsache bekannt, dass das Blut neben freiem Cholesterin stets 
eine gewisse Menge als Ester gebundenen Cholesterins enthalt. 
Dabei wurde durch die Untersuchungen mancher  Kliniker 
(Thannhauser und Schaber 1926, Biirger und Habs 1927, 
Stroebe 1932 u. a.) festgestellt, dass bei stoffwechselgesunden, 
nicht fiebernden Menschen ungefihr 60-70% resp. 40-50% des 
gesamten Serum (Plasma)- bezw. Vollblutcholesterins als Hster- 
cholesterin vorgefunden wird. Dieses verschiedenartige Verhalten 
der Hsterquote zwischen dem Serum oder Plasma und dem Vollblut 
ist nicht schwer zu verstehen, da die roten Blutkorperchen fast nur 
freies Cholesterin enthalten (Wacker und Hueck 19138, 1919). 

Nun finden sich in der Literatur zahlreiche Arbeiten tiber das 
Verhalten des Blutcholesterins bei Leberkrankheiten. Dabei steht 
im Brennpunkt unseres Interesses die Frage, ob die Esterquote je 
nach den Krankheitsformen bestimmte Schwankungen erfahrt. 
Schon wurde Verminderung der Esterwerte von Btirger und 
Beumer (1913) und Feig! (1918) bei der cholamischen Lipamie 
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gefunden. Biirger (1922) konnte spater auch bei Kranken mit 
Stauungsikterus hinsichtlich der Cholesterinverteilung eine Ver- 
minderung der Esterquote feststellen, aber dabei handelte es sich 
meist gar nicht um eine absolute Verminderung des KEster- 
cholesterins, sondern um eine einseitige Vermehrung des freien 
Cholesterins infolge der Zuriickstauung desselben. Burger 
elaubte, dass diese eigentiimlichen Verhaltnisse mit den Storungen 
der Fettresorption bei gehindertem Gallenabfluss zum Darm in 
Beziehung gebracht werden kénnten, und nahm an, dass fur die 
Veresterung des retinierten freien Cholesterins nicht gentigend 
Fettsiuren zur Verfiigung stiinden, wahrend nach wiedereinset- 
zendem Gallenabfluss und Riickkehr der Fettresorptionsgrésse zur 
Norm die Méglichkeit der Cholesterinveresterung wiederhergestellt 
sel. In Ergénzung dieser von Biirger erhobenen Befunde haben 
dann Thannhauser und Schaber (1926) ein Absinken des 
Estercholesterins, bei manchen Kranken sogar ein vollkommenes 
Schwinden -desselben (Hstersturz) beobachten kodnnen. Diese 
augenfallige Veranderung der Relation des Cholesterins zu den 
Cholesterinestern ging meistens nicht mit einer Vermehrung des 
Gesamtcholesterins einher. Eine Vermehrung des Gesamtchole- 
sterins konnte nur bei Kranken mit starker Gallenstauung fest- 
gestellt werden, wahrend der Estersturz auch bei Zirrhose ohne 
Ikterus beobachtet wurde. Thannhauser und Schaber brachten 
diese Verschiebung des Estercholesterins nach der Seite des freien 
Cholesterins mit einer Schidigung der Rohmann-Schultzschen 
Cholesterinase bezw. von esterifizierenden Fermenten (Hueck) bei 
Parenchymerkrankungen der Leber in Zusammenhang. Dagegen 
behauptete Birger (1927), dass auch eine absolute Verminderung 
des Estercholesterins bei normalem Gesamtcholesterinwert durch 
eine Stérung der Fettresorption bezw. des intermediiren Fettstoft- 
wechsels hervorgerufen werden kann. Stern und Suchantke 
(1926) konnten im iibrigen in ihren nachpriifenden Unter- 
suchungen eine einigermassen gesetzmiissige Verschiebung der 
Cholesterinverteilung im Serum  Leberkranker im  Sinne 
Thannhausers nicht feststellen. 

Wenn man weiter experimentelle Untersuchungen in Betracht 
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aeht, so konnten Rosenthal, Licht und Melchior (1926) einen 
gesetzmassigen Einfluss der Leberexstirpation auf die Cholesterin- 
zusammensetzung des Blutes nicht feststellen, wihrend Enderlen, 
Thannhauser und Jenke (1926) auch im Blute von leberexstir- 
pierten Hunden bisweilen einen Estersturz beobachteten. 

Inzwischen haben Adler und Lemmel (1928) an iiberaus 
reichhaltigem klinischem Material ihre Beobachtungen itiber 
Cholesterinamie bei Erkrankungen der Leber und Gallenwege 
mitgeteilt. Im egrossen Ganzen wurde bestatigt, dass Gallen- 
stauung zu Hypercholesterindamie fiihrt und Leberparenchym- 
schadigung je nach ihrer Intensitét mehr oder weniger starke 
Verminderung des Cholesterins und gleichzeitig seiner Ester im 
Blute zur Folge hat. 

Nach den gleichartigen Feststellungen verschiedener Autoren 
der jiingsten Zeit (Mancke 1931, Stroebe 1932, Epstein 1931- 
1932, Katsura-Tajima-Yoshizumi 1935 und Kamei 19386) 
tritt zu Beginn eines hepatocelluléren Ikterus eine Esterverminde- 
rung ein. Wiahrend die einmal verminderten Esterwerte 
unabhingig vom Stande des Gesamtcholesterins regelmassig im 
Ausheilungsstadium wieder ansteigen, sinken sie beim Fortschreiten 
des Leberprozesses weiter ab. Aber bei der Leberzirrhose verhalten 
sich die Cholesterinwerte sehr verschieden, teils unverindert, teils 
verandert. Ausserdem erschien eine Arbeit von Laroche, 
Grigaut und Costes (1934), in der bei Kranken mit Ikterus ohne 
Riicksicht auf seine Ursache und unabhingig von seiner Intensitat 
ein Absinken der Esterquote bis zu 80-40% festgestellt wurde, 
wahrend die letztere nach ihrer Beobachtung normalerweise 50— 
70% betrug. 

Um nun einerseits die Erscheinung des Estersturzes bei 
Lebererkrankungen nachzupriifen und andererseits die wider- 
sprechenden Ansichten iiber die Entstehung des Estersturzes zu 
kritisieren, stellten wir die vorliegende Arbeit an. Als Unter- 
suchungsmaterial wahlten wir solche Patienten, die in die Medizi- 
nische Universititsklinik von Prof. Dr. 8S. Tsunoo aufgenommen 
waren und bei denen die klinische Diagnose sichergestellt wurde. 
Die Blutentnahme wurde immer im niichternen Zustand aus- 
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gefuhrt. 

Das Cholesterin und seine Ester wurden nach der von K. 
Kusui (1933) vereinfachten gravimetrischen Methode bestimmt. 
Sie ist gerade fiir die Reihenuntersuchungen sehr geeignet, da sie 
auch mit kleinen Blutmengen (5,0 cem) ausgefiihrt werden kann. 
Dabei wurden mit Riicksicht auf die Kranken die Untersuchungen 
nur im Gesamtblut ausgefiihrt, da bei der Bestimmung im Serum 
eine gréssere Blutmenge entnommen werden muss. 


UNTERSUCHUNGSERGEBNISSE. 


I. Der Gehalt an Cholesterin und seinen Estern wm 
Gesamtblute ber gesunden Menschen. 


Die physiologischen Werte ftir Gesamtcholesterin, freies 
Cholesterin und Cholesterinester im Gesamtblute anzugeben, ist 
nicht leicht, ‘da sie auch bei Gesunden gewisse Schwankungen 
zeigen und mit zunehmendem Alter in die Hohe steigen. 

Meine Ergebnisse sind in Tabelle I zusammengestelit. 


TABELLE I. 

Cholosterin im Gesamtblut 
Ge- sala 5 5 
Nr. |Name | Alter schlecht Berut Datum| Gesamt |Ereies| Hster | Veres- 
(1933)| g¢ % |g %|g % |tert % 
Tien 27. re) Laborant | 25. I 0,128 | 0,072) 0,056 43.8 
me eR . Arzt 20. I 0,140 | 0,086] 0,054; 38.5 
3. |K. 1. | -29 E " 3.11 | 0,142 | 0,074] 0,068| 47.9 
Ame Tels 23° o Pfiegerin 34 LU 0,144 | 0,090) 0,054. 87.5 
5 een co: g > 1B, TUG 0,163 | 0,092) 0,071 43.5 
Mittelwert 0,143 | 0,083} 0,060 42.2 


Aus der Tabelle ergibt sich, dass das Gesamtcholesterin im 
Gesamtblute zwischen 0,128 und 0,163 ¢% variiert und die Ester 
37,5-47,9% des Gesamtcholesterins ausmachen. Diese Werte sind 
etwas niedriger als die von Stroebe (1932), da nach ihm der 
Gesamtcholesteringehalt im Vollblute zwischen 0,140 und 0,190 ¢% 
schwankt, indem die Esterwerte 40-50% des Gesamtcholesterins 
betragen. 
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II. Das Verhalten des Cholesterins und seiner Ester im 
Gesamtblut bei verschiedenen Lebererkrankungen. 


Tabelle II zeigt die Resultate, die an 42 Kranken mit Leber- 
bezw. Gallenwegerkrankungen gewonnen wurden. 

In acht Fallen (Nr. 1-8.) mit sogenanntem Ikterus catarrhalis 
wurden niemals vermehrte, sondern in einigen Fallen (Nr. 2., 3. 
und 8.) etwas erniedrigte Gesamtcholesterinwerte konstatiert, 
wahrend die Esterwerte in allen Fallen gegeniiber den normalen 
deuthch erniedrigt gefunden wurden, so dass die Esterquote 
zwischen 0 und 25,8% schwankte und 19,2% sich als Mittelwert 
ergab. 

Hin Fall von subakuter gelber Leberatrophie (Nr. 10.), der 
schon von Kusui und Okabayashi ausfiihrlich mitgeteilt wurde 
(1935), und ein Fall von Ikterus catarrhalis (Nr. 5.) zeigten ein 
voliges Verschwinden des KEstercholesterins, einen wirklichen 
Kstersturz im Sinne von Thannhauser. 

In einem Falle von Salvarsanikterus (Nr. 9.) wurde zu Beginn 
der Erkrankung eine betrachtliche Erniedrigunge des Gesamt- 
cholesterins (0,085 ¢% ) und der Esterquote (16,4%) nachgewiesen. 

Wir konnten bei vier Fallen (Nr. 11-14.) von Ikterus in- 
fectiosus (Leptospirosis icterohdmorrhagica) die Cholesterinwerte 
bestimmen. In allen Fallen nahmen die Ester gegeniiber der Norm 
absolut und auch relativ im Verhiltnis zum Gesamtcholesterin 
stark ab. In je zwei Fallen wurde eine leichte Verminderung bezw. 
Steigerung des Gesamtcholesterins beobachtet. 

Biirger und Habs haben bei einer Reihe von Leberzir- 
rhotikern das Verhaltnis vom freien zum veresterten Cholesterin 
im Serum einer Untersuchung unterzogen. Sie haben dabei ihre 
Falle in 2 Gruppen—ikterische und anikterische—geteilt. Die 
Falle ohne Blutikterus zeigten normale prozentuelle Esterwerte, 
dabei war meistens das Gesamtcholesterin betrachtlich vermehrt, 
so dass auch die absoluten Esterwerte weit tiber der Norm lagen. 
In der Gruppe mit Blutikterus allein fanden sich Falle mit 
verminderten prozentuellen Esterwerten. Hier fanden sich auch 
Falle, in welchen die Gesamtcholesterinwerte normal waren, woraus 


Nr. 


bo 


10 
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TABELLE 
2 Cholesterin im Gesamtblut 
a 
Name | Atter 3 aa = ; * 
3 Diagnose Datum z : ee 3 Datum 
1 S| ot if ce ae catarrhalis) 47 yy (39) | 0.137] 0.104| 0.033| 241 |17 x 
Lues II Stadium | 28 K& (,,) | 0.149] 0.103] 0.046] 30.9 | 28 _,, 
jlo SEY Se 8 |Ikteruscatarrhalis| 26 K (,,) | 0.118] 0.100] 0.018] 15.2 | 26 _,, 
| | 5 KX ©) }0s42 0,097 | 0.045) 31.7 | oa 
| 9 M (,,) | 0.146] 0.084] 0.062) 425]; 9 & 
EAD eeu ane . 26 K (,,) | 0.120} 0.089] 0.031] 25.8 | 26 & 
| 9 x G,) | 0.143) 0.100) 02043) *30:1)) 9 oe 
Meet oiadts 3 45 2 9. x ,,)_ | 0.132) 02001) 0.032) 24-28) oma 
M. N.| 45 ‘ 5 Y, 27 wm (,,) | 0.154] 0.154} 0 0 |:27 XE 
AS Ua 289 3 is i 14 | (88) | 0.124] 0.097] 0.027| 218/14 I 
SNe 25 3 i oe 8 nm ,) 10.1251 0.098) 0.027 | 22.471" Sian 
| 13 « (,,) | 0.133] 0.109] 0.024| 18.0 | 13 _,, 
24 iW (,,) | 0.166} 0.093] 0.073] 43.9 | 24 ,, 
i PG bg 9 53 5 23 wm (,,) | 0.113] 0.085] 0.028] 24.8 | 23 vm 
29 ,, (,,) | 0-187] 0.111] 0.076] 39.9 | 29 ,, 
Y. W.| 25 8  |Salvarsanikterus 24 WW (32) | 0.085| 0.071] 0.014] 16.4] 24 W 
30 ,, (,,) | 0.154] 0.095] 0-059] 38.3] 30 ,, 
6 vw (,,) | 0.160] 0-087] 0.073] 45.6] 6 vw 
mr; ©) | 0.156) 01097 |50.079 50:6 eee 
LC O97) SORTS O10 S42) ao uzan| il ve 
T.-H.) 46 9 |Subakute gelbe 15 Ww (33) | 0.142] 0.142] 0 0 | 45> 3 
Leberatrophie 20, (4) | 0.149] 0.148] 0.001] 0.7 | 20 


Cholesterin und seine Ester im Blute. 467 
ie! C1) 2 
Serumbilirubin Harnbefunde Kotbefunde 
Hiymans van den s 2 = ' : 
Bergh 3 oe Stl 5 ® Bemerkungen 
indirekte a 5 E = Be a = 2 eer 
direkte z S| == eee el a ete. 
: Reaktion | 8 & S [ean 5 fe 
Reaktion signee A Be) Ae |e 5 
prompt 3.50 4.00|17 XK (4+) normal Wa RB (44) 
- 1.05 3.30 | 26 K (=) — ausgeheilt 
. Tso PAGiays, ”,, Co) norma! 
5 5.32 14.56; — ae 
verzogert - 0.61 a ausgeheilt 
prompt 8.12 | 21.60] 26K ay acholisch 
3 1.21 = == ae gelblich braum augeheilt 
o 1.78 BIL Bil) OU (tit) normal Ps 
; 14.29" | 30.86 | 27 XE (+) acholisch Prognose unklar 
re 6.90 |-14.60/14 I iCaso) leicht acholisch ausge heilt 
. oat acholisch 
= 6.42 | 12.27) 8 I Ce, atlimatprope Gr) 
= et acholisch 
“de 7.86 16.52) 13 ,, ei Sublimatprobe (+) 
- 0.75 4.05 | 24 ,, ) normal ausgeheilt 
¥ 7.70 |. 11.52] 23 va Gy 53 
md 0.86 2.65 | 29 ,, (44) ausgeheilt 
S ~ . acholisch 
» 6.57 | 15.43 | 24 WI (+) Sublimatprobe (—) 
y 6.96 | 12.54] 30 ,, CG» yy ” 
- 5.82 | 12.78) 6 Ww aa braunlich gelb. 
mn 5 acholisch 
” 6.43) 10-61) 11 (+) Sublimatprobe (—) 
a4 2270) -| 10:60!) 1K (Ge, gelblich ausgeheilt 
Pe 2 weich, Sublimat- 
» 19.23 | 22.56) 16 W (,) probe griinlich a 
Sublimatprobe am 28. IV (83 
” 12.86 | 26.86 | 23, CH) rotlich gestorben 
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‘TABELLE 
| ; | Cholesterin im Gesamtblut 
=| ae — *- — im 
Ss | klinische o— — g ~— 
Name | Alter} ‘ce | on eer “ 
2 Diagnose Datum SI ca Ester) 8 | Datum 
io) os = Jo ie 
% e R 
d & S 
| 26 W (3) | 0.112] 0.103} 0.009} 8.0 | 26 WV 
M. F.} 45 8  |Leptospirosis | 23 vr (,,) | 0.199] 0.179} 0.020] 10.0] 23 vw 
He | 
K. M>| 56 | 3 [icterohaemor- | 93 ym (35) | 0.193] 0.165| 0.028] 14.5 | ,, ., 
rhagica | 
a 1s || 2a 3 . A Le Se Gy) | Wael Cabbie), Oe) 9) XK 
S. | 34 3 5 o | 28 1 (36) | 0.194] 0.107| 0.017] 13.7} 28 1 
we Wed i 3 . haemolytischer | 296 x (34) | 0.147] 0.085| 0.062] 42.2126 x 
‘Tkterus | 16 We (35) | 0.144} 0.082] 0.062} 43.0 | 16 W 
| 
IE, Ma BA -S re | 19 vm (,,) | 0.126] 0.076] 0.050] 39.9] 19 wi 
| 23. . (,,) | 0129) 0.075 0.054) 39.9 12 ire 
hron. Alkoholi | i 
K. 8. | 49 | 6 (mitbeginnender | 27 We (2) | 0.095] 0.071] 0,024] 25.2127 W 
Leberzirrhose | 
iat, Sy || Be 3 |bilitire Leber- 24 Im (33) | 0.133! 0.108] 0.025) 18.8 | 24 I 
zirr hose | 
) 135 ave G3) 1) 051374) "03108) 1050291) 20:4 ae omaniy, 
10 Vo (Gy OM e4 00970027 I onezalet Omens 
| | 31 Vv (,,) | 0.103] 0.083} 0.020 20.4 | 31 V 
atrophische ¢ 
Kee Dall 246 3 Tabereicetine 27 W (,,) | 0.163] 0.100] 0.063) 38.6 | 27 W 
Go Ken59 5 5 Be | 27 4, (,,) | 0.144] 0.096] 0.048) 33.3 | 25 Wi 
We | Be & s y 12 We (85) | 0.195] 0.155] 0.040] 20.6 |12 W 
Leberzirrhose, entwi- 
T. M.! 45 3 eit subakuter | 15 vw (,,) | 0.127] 0.103] 0.024] 18.8 |]12 w 
| Leberatrophie, welche a c, 
nach Salvarsaninjek-| 21 Wr (,,) 0.156} 0.104} 0.052) 33.3 | 23 WH 
tion entstand. 
TAGS 6 |atrophische 16 K (,,) | 0.166] 0.116] 0.050! 3011/16 & 
Leberzirrhose 
On 6 |Leberkrebs 9 We (32) | 0.136] 0.079] 0.057] 42.0| 9 VW 
T. U.| 66 3 - 8 W (83) | 0.293) 0.217] 0.076] 25.8) 8 w 
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PL C2)9 
Serumbilirubin * : Harnbefunde Kotbefunde 
Hiymans van den 5 2 5 Zz ri 
Bergh | ae A y semerkungen 
Hie ae 5 2 2 3.5 = z 5 Aussehen 
direkte (| mdirekte | oa) £ eelPel's |i] & ie 
Reaktion | Beaktion e ee i Py S A 
mg % Ss o =) 
prompt 17.14 | 30.46] 26 IW | GH) (-+4)] (+) GH] 23. w [braunlich gelb. Sektion ! 
z am 27 Vi (33). 
ie _ 27.80 | 50.00) 23 wa | (,,)| (44) CH)| (+); 23 vt normal gestorben 
. im CE mene am 28 wm (35), 
5 8.28 12.31 yoy 195 (4+) (+) C+) ( ) sed schleimig eitrig gestorben 
ee 16 35 
4 1672 | 22.14) 9 X | GH (,,)/ C.](4+)] 9 X mormal atten S 
| ; ” | am 13 (6) 
. PREEOD oy 28-80) 28° 0 169) Cp) CH) C28 DL | ay gestorben 
verzogert, | | ° 4,28 5.06 | 23 X | (—)| (—)| GH)! (,,)} 23 X a 
: | 5.50 | 628]16 1/0) ())G.) GHi16 Ww], arbeiten ! 
x |: 4.07 5.35 | 19 ww | (,,)/ (,3)] GH} (,,)) 19 ww | _.. 
= | 3.86 04 28 WCNC SO GG) == = arbeiten ! 
» eecuae 27 VI | (,,)| (,,)| (—)| (—)] 27 Wi normal Prognose unklar 
| 
prompt 9.63 |.16.05| 24 Mm | (HH) (,,)| (+) G,)/ 24} 
i 2.43 7.33 |13 IW | (+)! (,,)} C.,.| (,,)} 10 IV D 
am 14 W (83) 
peeks 6.94110 V GDC. 1C,)10 V |, gestorben 
o | 178 | 5.68/31 V1 Gp) GH) GH] GH]31 | Sektion ! 
ami 2X (3) 
verzogert | | 0.92 | 1.06/27 wl (—)|(—)|(+)](4))27 4] dostorteu 
+S am 20 ¥X (83) 
Teena | [146 | 202/56 (HIGH) )26,| » ae 
prompt ' 17:10, .| 30.85/12 We} GH) GH! (=/(,,)12 Wl, 
4.64 | 11.57/12 We} (+)) (=) (,,)/(,.)12 W] Ascites (+) 
ae "i GH NG, Ascites (—) Am 22 
ae 0.85 | 1.44] 23 wl) ()]) (4916, 23] EG) aehaneat 
: ; | 1 eel ; acholisch spr aa 
prompt : , 5.19 | 9.20/16 Ix (+) (4) Gi>) (+) 16 XK Sublimatprobe (-) 
prompt (?) UiGe 19 VE NC) (— (—)) (—)|_ 9 Wienormal 
normal 
prompt 11.36 19.20} 8 WW] GH (4+) (Gp (oh) Com Okkultes Blut (44) 
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TABELLE 
Cholesterin im Gesamtblut 
a>) 
& I 
3 klinische | ° © 
Nr. | Name {Alter} % | on = 1S 
‘ ° | » 
3 Diagnose Datum EI a) | weer te Datum 
ids) 3 & |¢% © 
| ie 5 
| 2 ica eS 
= 
26 1 Ia 8 I 45 6  |Leberabszess 1 yk GB) 0.148] 0.084] 0.064} 43.2 | 12 VI 
27 MEN CY) 48 ) ” 23M GS) 0.108} 0.083 | 0.025} 23.1 | 23 Wr 
28 |M. K.| 35 a 16 & (,,) | 0.143) 0.103} 0.038) 26.64) 165am 
29 M. M. 55 $ “p ) a3: 3. X84) OST OM8o 1 OL022i" 14.00 Saag 
Chronischer Ikterus | 
30 IOS Ke 48 3 von unklarer Natur 1 We (,,) | 0.142} 0.094] 0.048] 33.88 | 1 W 
Gallenstein- x = 
CHL si Seal eel 3 heat helt 22 12) 0.135] 0.084} 0.051) 37.7 | 22 VE 
32 IW Al 43 g ” 235 Mie Ge) 0.085| 0.075! 0.010] 11.8 | 28 W 
33 Jels Ne 41 ) ” Sue eae) 0.132 | 0.095] 0.037] 28.0 ay NC 
Gallensteinkrankheit 
34 Ke ON: 43 3 mit Gallenweg- je 24 Be) 0.146] 0.097 | 0.049] 33.5 | 24 WH 
Duodenalfistel | 
ay ge Cael 0.149 | 0.094] 0.055] 36.2 6 K 
- Gallensteinkrankheit 
Bar | WW kG || AS} ES mit Gallenweg- | 10) © (83) | 02108) 0:07870:0801 27-7. | Oman 
Duodenalfistal 
36:1: Hel 64 @ |Gallenstein- 13 w (,,) | 0.225] 0,180] 0.095] 42.2113 IW 
| krankheit 
is 20 Soe RD 0:213'|) 01133) 0.080) 37.5 | 207% 
37 aera ss 22 ) : igs ane = (GE) 0.202] 0.142] 0.060} 30.0) 13 W 
S33) 18E, ONG |) eis $ x 25 vm (33) | 0.165| 0.112| 0.053) 321 | 25 vw 
Staungsikterus x = = 
39 5 Ae 44 & dnveh Panivoass 3) A (Ce) 0.249 | 0.191 | 0.058} 23.2 ay I) 
RE 18 I (,,) | 0.298] 0.248| 0.050} 168/18 I 
Totaler Verschluss des 
40 |S. M.} 42 3 Ductus choledochus | 21 X (,,) | 0.361] 0.283] 0.078| 21.7|21 X 
= Verschluss des Ductus = ] 
41 lis ke 59 $ choledochus (Krebs?)| 15 VE (35) 0.231] 0.203] 0.028) 12.1115 Wr 
Gallenblasenkrebs 
2 oe Gs 9 fe) Anz Choleli- 5 5 
4 M. S 4 © tees olelt 15 VI (82) 0.142] 0.081} 0.061] 42.9|15 WwW 
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RCS) 
Serumbilirubin Harnbefunde Kotbefunde 
Hiymans van den a 2 |o ee ee 
Bergh Ban Ses | oo = Bemerkungen 
pea as a Ee 2 x = Aussehen 
direkte ee ae & Sf aE 2 ta g ete. 
Reaktion Sie Aes a) & en) p E 
prompt 0.61 — |12 WE | (—)| (—)| Gt) (—)) 12 W normal 
IT phasisch = chirurgische 
prompt 1.00 1.75 23 VW C5) C59 (+) 5) 23 VE ” Operation ! 
= am 10 X (33) ges- 
verzogert 0.64 0.96 | 16 K (3) {3,9 Cio) 8) 16K ” torben, CH See 
prompt 5.71 | 18.08} 13 & | (44)| (+) (,,)) (+)/ 18 ,, Jacholisch 
IL phasisch 2 bitte Wa-B (—) 
P eodpart 1.56 3.86 | 1 VI | (+)| (4) G4) (,,)) 1 W normal Maree (+) 
am 22 VI (82 
prompt 7.07 | 13.02] 22 WE | (44)] GH) (—)) (—)) 22 |, pe Prey a) 
si 1.96 2.84 | 28 WH | (—)| (—)| (+)} (+)) 28 Wi i Pause . 
am 2 K (32) 
5 1.43 2.48) 3 K | (+)/(,,)) (—))(-)) 3M] -, leichter Anfall 
chirurgische 
% 1.10 — | 24mm} (-) (+) CH) (,,)) 24] Operation! 
Cae Yee “5 gebessert entlassen 
” 0.96 220) | ia iN chirurg. Operation 
prompt (?) acenees 0.57) 10 1 | (—)) (—)| (—)| (—)) 10 1 normal gebessert entlassen 
prompt 1420 = 11S WICH GRICE) |» 
i OTE | 242120 10, (GC 20] on 
A 30.70 | 48.20/13 & | GH} (+) ()) (-)) 1B KI, 
» coal 1.02 | 25 wm | (—)| (—)) (4) (+) 18 wr] ¥ 2BSe 
= 2 = acholisch chirurg, Operation 
» 5.00 Zz, 5 | Gh) GH (-))(-)) 5 1 Sublimatprobe ee ont ae 
am 2 X (33 
s 3.91 yeas 18 I C53 rapcd (os) somali Es) ” gestorben 
: acholisch ee Wie 
> 20.70 | 38.60} 21 X | (,,)) (+) (+)) (+)) 21 X eablinatarole (—)/Sektion ! Wa-R (—) 
diarrhoisch 
12.34 | 31.74] 7 WC.) GHI(, 6.) 7 i 
ie C4) GHC) ¢ acholisch chirurg. Operation 
i 0.72 1.32 | 15 VI | (—)} (—)} (—)| (—)| 15 VE |jnormal am 14 X (82) 
gestorben 
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TABELLE 
- Cholesterin im Gesamtblut eon aD) 
Re 
5 ° iS) S) 
Nr. | Name | Alter = klinische Diagnose = = 
A + |Freies|Ester| 36 : 
) Datum Max.}| Min. 
o E | e% | 2% 3 
o ® 
io) > 
essentielle D) 
iL Ww. T 60 ) Hypertonie 9 VI (32)| 0.186} 0.088] 0.047] 34.7 220 100 
9 essentielle Hypertonie = 
3 patna) $2 a2 mit Aortenstenose 6 Wi G2)| 0.145) 0.074 0.071) "49-051" tod ee 
essentielle : Oa 
Bey ee Maliee| || 3 ees 10 v (33)| 0.162} 0.094] 0.068] 41.9] 215] 130 
Ze HPS coats faeces) | : » » » | 0.187] 0.108] 0.079] 42.2} 190] 105 
tielle toni 7 
5 |v K.} 67 | « [mit Diabetee mellitus | ,, ,, ,, | 0.185] 0.100| 0.085] 45.9} 220 | 100 
AY essentielle e : 
6 Ka i. 41 2 Hypertonie 9 V (85) 0.192} 0.109} 0.083] 43.2 240 160 
‘ 6 W(,,)| 0.189} 0.114] 0.075] 39.7| 226] 142 
(A RSS ANS |) ht g |Schrumpfniere 25 V (32)| 0.166] 0.088| 0.078) 47.2 | 210 | 140 
6 W (82))] 0.131] 0.065] 0.066] 50.4 215 140 
(mit starker Aniimie)| 24 ,, (,,)} 0.076] 0.047] 0.029] 37.7 | 225) 150 
SHMESS Heo 8 |Schrumpfniere 26 VI (,,)| 0.145] 0.076] 0.069) 47.2 | 240 |' 150 
ole. | as | | f 16 v (,,)| 0.143] 0.074] 0.069! 47.3 | 230 |: 110 
10 |A. #| 52 | @ - 6 W(,,)| 0.143] 0.082| 0.061) 42.6] 240] 110 
Tet [Pee iG | 335) » |¢hronische Nephritis | 22 VI(,,)| 0.121] 0.076] 0.045} 37.2 | 130 85. 
12 |r. On Go | 9 [Cton Nephaltis mit |) yas) ods |"0.081| O.cel| 20 }encoN amen 
13 AUS Ae Mt aM @  |chron. Nephritis 23 V (35) 0.245} 0.149] 0.096] 39.2 125 70 
chron. Nephritis mit 
14 U. M. 43 g Mitralineuiticienz 13 I (,,)| 0.229} 0.141] 0.088] 38.4 220 110 
15 Ss. W. 22 6 |Lipoidnephrose 16 X (82)] 0.383} 0.216] 0.167] 43.6 125 85. 
r Starke Animie 
1 T pala ane = ee. 
6 O 59 s) (Ankylostomiasis) 7 X(,,)] 0.092] 0.061} 0.031] 33.6 
17 18. 0.| 52 Tnvegination'tn Ger | or (3)! 0.158 |10.100| 01058) mays eee 


Tleocaecalgegend 


— -— 
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III. 
Reststickstoff | Nierenfunktionspriifung : 
im Blut (Wasserversuch) Harnbefunde 
~ 1 2} BS } ' 
S15 3 =| rd 5 A o Bemerkungen 
Datum |mg %)| Datum So8| 808 5 S e 2 a8 
8 : eet} SS a bo 3 aay | 2 se 
17. VI | 54.0 |17. VI | normal] normal] 9. VI | (—) | (—) | (—) | (-) 
9. VEL 26.4 mat ee - 9. ia Gr) ( ” ) ( ” ) K ” ) 
10. V 42.8 | 7. V normal} normal}10. V Gale Gre AN Soe Shellie) 
2° > 33.2 6. WA 39 29 10. W GS ) ( ” ) ” ) ( ” ) 
Eh 35 43.7 _— — — |10.V Cee eGo likes! Cen | eileen ino) Earn Gib) 
28.1 nicht so | nicht so iy: 
Wo V | 40.0175) |achlecht|schlecht| 19 ¥ | 6») | C») /05%) (+) 
24 WAS EEE, — — — fa AEG) Gale | Cs Wala 7) ICED) 
. 
(Sa G0 sy Se a normal | normal] 25. V (4+) | (,,) 14.0%] (4) 
‘ = ae, pas aS 0 4 Am 28. VII 2.) 
enn 24-55-6 6. VII) (+) | (+) | 10%) (+) gestorben Sektion ! 
2s Wal Ay - — — ot, VAL | GH) | CET 5261. (+) 
26. VI | 43.6 |30. VI |schlecht|schlecht|}26. VI | (—) | (+) | 296] GH) 


Wegen schlechtes Zustan- bad = Za) To 
ws B08 des konnte nicht ausfiihren| 1° x EF rs a 


6. VIL! 46.0] 6. VIL| normal} normal} 6. VII| (—) | (—) } (+ (+) 


29. VI | 31.5 |29. VI 5 55 22.V1I | (+) | Gee eX) 
dee VIG 7A ORh29: Val * 1. VIL! (4+) | (—) 10.5%} (—) | Wa-R GH) 
nicht so} nicht so . 
oF. Vi 32.0000. VEL sehlecht|schlecht| 22" V (4h) | (4) | 1.8%} (+) 
Hou |) 27.5 — — — |13. TIL | (+) | (+) [3.5 2%} (+) 
10. Xx 50.7 —_ — — ISX (44) | (—) | 45%} (—) | Am 19. X (@2.) 


gestorben (Pneumo- 
kokkenperitonitis) 


= = — 7 XT | (—) |-@) | (—) | (-) | Sahli21, Erythrocyten- 
zahl 2, 80 Million 
Wa-B (44) 


chirurgische Operation 
ausgeheilt entlassen. 
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also auch eine Verminderung der absoluten Esterwerte resultierte. 
Adler und Lemmel fanden bei den Formen der Zirrhose, die 
aus akuter gelber Atrophie hervorgegangen waren, meist normale 
oder etwas verminderte Cholesterinwerte, wihrend bei den Fallen 
yon alkoholischer Leberzirrhose sich immer mehr oder weniger 
starke Cholesterinvermehrung fand. Aber die Ester pflegten nicht 
wesentlich von der Norm abzuweichen. Nach den Stroebeschen 
Erfahrungen war nicht anzunehmen, dass das von obigen Autoren 
angegebene verschiedene Verhalten des Blutcholesterins auf den 
verschiedenen Formen der Leberzirrhose beruhte. 

Wir fanden in 6 (Nr. 17., 18., 20-23.) unter 7 Fallen (Nr. 17— 
23.) von Leberzirrhose eine Herabsetzung der Hsterquote unter die 
Norm, dabei waren die Gesamtcholesterinwerte normal oder sub- 
normal (Nr. 17.), woraus also auch eine absolute Verminderung 
des Estercholesterins resultierte. 

Ausserdem wurde bei 4 (Nr. 27.-30.) von 7 Kranken (Nr. 24.— 
30.) mit Leberparenchymschidigung von anderen verschiedenen 
Atiologien (Leberkrebs, Leberabszess und chronischer Ikterus von 
unklarer Natur) eine absolute Abnahme des Estercholesterins bei 
normalem Gesamtcholesteringehalt, nur in einem Fall (Nr. 25.) 
eine mit einer Vermehrune der Gesamtcholesterinmenge verbundene 
relative Verminderung der Esterquote trotz einem normalen Werte 
des absoluten Estercholesterins und in zwei Fallen (Nr. 24. und 
26.) ganz normale Verhaltnisse festgestellt. 

Die oben beschriebenen Resultate lassen deutlich erkennen, 
dass die Schadigung der Leberzellen sehr hiaufig von einer 
Verminderung des Gesamtcholesterins und besonders einer 
Abnahme der Cholesterinester im Blute begleitet wird. 

In manchen Fallen von hepatozellularen Ikterus stellten wir 
Cholesterinbestimmungen in verschiedenen Krankheitsstadien 
wiederholt an, wie es schon von Epstein, Stroebe und Kamei 
versucht wurde. 

In 5 Fallen von Ikterus catarrhalis (Nr. 1., 2., 3., 7. und 8.) 
und in 1 Fall von Salvarsanikterus (Nr. 9.) wurde zu Beginn der 
Erkrankung als Regel Erniedrigung der Esterquote und bisweilen 
auch Abnahme des Gesamtcholesterins konstatiert. Mit fort- 
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schreitender Besserung kehrten beide Werte allmihlich zu normalen 
oder tibernormalen Werten zuriick, wihrend die verminderte Ester- 
quote in je einem Fall von subakuter gelber Leberatrophie (Nr. 10.) 
und von biliarer Leberzirrhose (Nr. 18.), die beide letal endeten, 
im ganzen Verlauf bestehen blieb und sogar vor dem Tode sich 
die Gesamtcholesterinwerte auch subnormal erniedrigten. 

Also scheint eine absolute Verminderung des Estercholesterins 
bei normalem bezw. subnormalem Gesamtcholesterinwert fiir 
schwere Leberschadigung zu sprechen. Daher glauben wir, dass 
in der Khnik einer ausfiihrlichen Reihenuntersuchung des Chole- 
sterins und seiner Ester eine wichtige Bedeutung fiir die Prognose- 
stellung der Lebererkrankung zukommt. 

Wir beobachteten weiter die Veranderungen des Blutchol- 
esterins auch in 12 Fallen (Nr.31.-42.) von Gallenwegerkrankungen. 
In zwei Fallen (Nr. 31. und 42.) fand sich ein ganz normales Ver- 
halten fiir das Gesamt- und Estercholesterin. Starke Vermehrung 
des Gesamtcholesterins fanden wir in 5 Fallen (Nr. 36., 37., 39.- 
41.), unter denen 4 Falle (Nr. 37., 39., 40. und 41.) eine Verminde- 
rung der Esterquote aufwiesen, wenn auch die absoluten Esterwerte 
mit Ausnahme eines einzigen Falles (Nr. 41.) ganz normal waren. 
Da es angenommen wird, dass die Leber des Menschen im physiolo- 
gischen Zustand nur freies Cholesterin in die Galle ausscheidet, so 
ist es moglich, dass eine mechanische Verstopfung der extrahepa- 
tischen Gallenwege mit einer einseitigen Vermehrung des freien 
Cholesterins im Blute einhergeht. Ein anderer Fall (Nr. 36.) mit 
einer betrachtlichen Vermehrung des Gesamtcholesterins zeigte, 
zweimal untersucht, immer normale Esterquote, so dass auch die 
absoluten Esterwerte weit iiber der Norm lagen. Andere 5 Falle 
(Nr. 3235. und 38.) zeigten ein deutliches Absinken der Ester- 
quote gegeniiber der Norm, wahrend die Gesamtcholesterinwerte 
normal oder subnormal standen. In solchen Fallen brachte viel- 
leicht eine sekundare Stérung der Leberfunktion infolge Gallen- 
stauung die Verminderung der Esterquote hervor. 

Aus diesem Ergebnissen ergibt sich, dass das Cholesterin und 
seine Ester im Blute bei den Gallengangerkrankungen je nach dem 
Grad der Gallenwegsstorungen und der Krankheitsphase ver- 
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schiedenes Verhalten zeigen. Die alte Ansicht der franzosischen 
Schule, dass die Cholelithiasis immer von einer Hypercholesterin- 
amie begleitet wird und diese Hypercholesterinamie eine Disposi- 
tion oder Diathese fiir die Cholelithiasis darstellt, kann ich ebenso 
wie Gardner (1932) nicht teilen. 

Was. den himolytischen Ikterus betrifft, fanden Adler und 
Lemmel in 8 Fallen die Gesamtcholesterinwerte zwischen 70 und 
140 mg%, allerdings mit colorimetrischer Methode. Nach Burger 
verhalt sich die Esterquote beim haimolytischen Ikterus wie in der 
Norm. In zwei einschlagigen Fallen (Nr. 15. und 16.) fanden wir 
normale Werte des Cholesterins und seiner Hster im Blute. 


III. Das Verhalten des Cholesterims und. seiner Ester 
im Blute ber Krankheiten von anderen 
Organen als der Leber. 


Als Kontrolle haben wir das Blut von anderen als Leber- 
kranken auf freies und Estercholesterin untersucht. 

Die Resultate sind in Tabelle III zusammengestellt. 

Unter 6 Fallen (Nr. 1.6.) von essentieller Hypertonie zeigten 
3 Falle (Nr. 4-6.) leichte Vermehrunge des Gesamtcholesterins, 
wahrend die Esterquote sich in 5 Fallen normal verhielt und nur 
im einem Fall (Nr. 1.) eine leichte Verminderung erfuhr. 

In 4 Fallen (Nr. 7-10.) von Schrumpfniere und 2 Fallen 
(Nr. 11. und 12.) von chronischer Nephritis fanden wir normale 
Werte fiir das Cholesterin und seine Ester. 

Wahrend Hueck (1925) eine MHypocholesterinimie bei 
Anamie beobachtete, fanden wir auch in Fallen von Animie infolge 
Schrumpfniere (Nr. 7.) resp. Ankylostomiasis (Nr. 16.) ein Ab- 
sinken des Gesamtcholesterinwerts; dabei verminderte sich die 
Esterquote nicht erheblich. 

In einem Fall von Invagination in der Lleociicalgegend (Nr. 
17.), die chirurgisch spiter reseziert wurde, verhielt sich der 
Cholesterinspiegel normal. 

Bemerkenswert ist, dass ein Fall (Nr. 15.) von Lipoidnephrose 
und 2 Falle (Nr. 13. und 14.) von chronischer Nephritis mit 
exzessiver Vermehrung des Gesamtcholesterins (0,383, 0,245 und 


‘ 


os 
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0,229 ¢%) eine normale Esterquote zeigten. 


IV. Twrerversuche. | 
Da unsere oben geschilderten Resultate ein regelmiissiges Ver- 
halten der Esterquote bei der Leberparenchymschiadigung einerseits 
und eine weniger einheitliche Verinderung der relativen Esterwerte 
bei der Passagestérung der Gallenwege durch Gallenstein bezw. 
verschiedene andere Momente andererseits erkennen liessen, SO 
schien es uns wiinschenswert, im Tierversuche zu verfolgen, wie 
sich bei toxischer Leberschaidigung und Unterbindung der Ducti 
choledochus und eysticus das Cholesterin und seine Ester im Blut 
verhalten. | 
Wir wahliten Hunde als Versuchstiere. 


A. Die Schwankung des Cholesteringehaltes im normalen 
Hundeblute im Verlauf von 24 Stunden. 


Das Blut von 2 normalen Hunden wurde auf freies Cholesterin 
und Kstercholesterin in Abstinden von 5, 10 und 24 Stunden nach 
der ersten Blutentnahme im niichternen Zustand am_ friihen 
Morgen untersucht. 

Die Resultate sind folgende (Tabelle IV). 

Der Gesamtcholesteringehalt schwankte in einem Falle (Nr. 1.) 
zwischen 0,110 und 0,120 2% und in einem anderem Falle (Nr. 2.) 
zwischen 0,124 und 0,132 2%, wobei die Esterwerte 40,0-42,2% 
resp. 39,4-42,8% des Gesamtcholesterins betrugen. Hs ergibt sich 
also, dass die Tagesschwankung des Cholesteringehaltes im 
normalen Hundeblut ca. 10% betriigt, und dass die Esterquote fast 
keine nennenswerte Schwankune zeiet. 


B. Das Verhalten des Cholesterins und seiner Hster vm 
Hundeblute bei Toluylendiaminvergiftung. 
Toluylendiamin (Merck) wurde als 2,5%ige Losung in der 
Dosis von 0,05-0,07 g pro Kilo Korpergewicht 3 weiblichen Hunden 
subkutan injiziert und das Blut der Hunde wurde auf freies und 
Estercholesterin, gleichzeitig auf Serumbilirubim untersucht. 
Die Resultate sind in Tabelle V zusammengestellt. 
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TABELLE IV. 


Blutentnahme Cholesterin im Gesamtblut 
a Stundenzahl 
an Datum nach der Gesamt Freies Ester Verestert 
(1933) |ersten Blut- ¢ % gz %o g % % 
entnahme 

Nr J 8'am10. II) erstes Mal 0.113 0.067 00.46 40.7 
: z tooeaeestes 5 0.120 0.072 0.048 40.0 
10.6 Ke 65pm ,, 5, 10 0.116 0.067 0.049 42,2 
2s ean hls EE 24 0.110 0.064 0.046 41.8 
IS 8am17. II! erstes Mal 0.132 0.080 0.052 39.4 
9 1pm 5, 55 | 53 0.126 0.074 0.052 41.2 
12.5Ke 68pm snes 10 0.130 0.076 0.054 41.6 
eh Shaan Seats 24 0.124 0.071 0.053 42.8 


Die Gesamtcholesterinmenge begann 5 (Nr. 3.)—10 Stunden 
(Nr. 1. und 2.) nach der Injektion zuzunehmen und erreichte den 
maximalen Wert nach (Nr.1.), 7 (Nr. 2.) resp. 10 (Nr. 3.) Tagen. 
Bei allen Versuchshunden wurde die absolute Verminderung des 
Estercholesterins schon 5 Stunden nach der Injektion beobachtet. 
Dabei zeigte zu dieser Zeit die Gesamtcholesterinmenge bei den 
Hunden Nr. 1. und 2. keine Veranderung, waihrend bei Hund Nr. 3. 
schon die Zunahme des Gesamtcholesterins konstatiert wurde. Die 
eimimal verminderte Esterquote stieg in 2 ausgeheilten Fallen (Nr. 
1. und 2.) unter einigen Schwankungen allméhlich zum normalen 
Werte an, wahrend sie bei einem—ibrigens 14 Tage nach Injektion 
gestorbenen—Tiere (Nr. 3. 0.07 g Toluylendiamin pro Kilo verab- 
reicht) nicht wieder anstieg. Einen vollkommenen Estersehwund 
haben wir nie beobachtet. 


C. Das Verhalten des Cholesterins und seiner Ester im 
Hundeblute bei glechzeitiger Unterbindung der 
Ducti choledochus und cysticus. 
An 3 Hunden wurden die Ducti choledochus und cysticus 


eleichzeitig unterbunden und das Blut der Hunde wurde auf 
freies und Estercholesterin, gleichzeitig auf Serumbilirubin unter- 
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sucht. 

Die Resultate sind in Tabelle VI zusammengestellt. 

In allen Fallen zeigte das Gesamtcholesterin eine erhebliche 
Vermehrung schon 5 bis 24 Stunden nach Operation und erreichte 
seine maximalen Werte nach 5 (Nr. 3.) resp. 13 Tagen (Nr. 1. 
und 2.). Dabei ging bis zum spateren Stadium der Versuche (7, 
16 und 5 Tage) die Vermehrung der Estercholesterinmenge mit 
der des freien Cholesterins Hand in Hand, so dass die Esterquote 
keine Verminderung zeigte. Diese Beobachtung steht im Wider- 
spruch zur monistischen Behauptung der Biirgerschen Schule, dass 
die Verminderung der Esterquote bei allen Fallen von Leber bezw. 
Gallenwegerkrankungen durch eine Storung der Fettresorption 
bezw. des intermediaren Fettstoffwechsels infolge gehinderten 
Gallenabflusses zum Darm hervorgerufen wird. 

Alle Hunde gingen 13, 27 bezw. 8 Tage nach der Operation 
ein. Kurz vor dem Tode wurde eine Verminderung der absoluten 
sowle prozentuellen Esterwerte gefunden. Diese Verminderung 
der Esterquote kann durch eine sekundare Storune der Leber- 
funktion infolge Gallenstauung erklart werden. 


ZUSAMMENFASSUNG. 


1. Der Gesamtcholesteringehalt im normalen Menschenvoll- 
blute variiert zwischen 0,128 und 0,163 ¢% ; dabei entspricht 37,5— 
47,9% des Gesamtcholesterins dem Estercholesterin. 

2. Bei den Lebererkrankungen mit Parenchymschadigung 
wird eine absolute Verminderung des Estercholesterins bei normalem 
bezw. subnormalem Gesamtcholesterinwert im Blute konstatiert. 
Wihrend die einmal verminderten Esterwerte unabhangig vom 
Stande des Gesamtcholesterins im Heilungsstadium wieder 
ansteigen, sinken sie beim Fortschreiten des Leberprozesses weiter 
ab. 

3. Bei den Gallengangerkrankungen zeigen das Cholesterin 
und seine Ester im Blute verschiedenes Verhalten je nach dem 
Grad der Gallenwegsstérung und den Krankheitsphasen. 

4. Beim hamolytischen Ikterus verhalt sich der Cholesterin- 


spiegel im Blute ganz normal. 


480 Kk. Kusui: 


TABELLE 
Blutentnahme Cholesterin im Gesamt- 
stung eae Be ana cae Gesamt | Freies Ester 
ise gece. go ¢Jo , £90 
INhey ale Gy, IDK (BE) Vor der Injektion 0.115 0.062 0.053 
2 LE 5 Stden. 0.119 0.089 0.030 
pe TRE WsGhaae, 2: 100 0.155 0.099 0.056 
8Pam 6. TX 1 Tage * 0.215 0.146 0.069 
eT) pale: 0.192 0.134 0.058 
ee eee Siem 0.148 0.101 0.047 
ay ses AF Ag; 0.135 0.090 _ 0.045 
nea 5s. 0.151 0.080 0.071 
atl ae Ga ass 0.166 0.105 0.061 
Mapas. limes 0.173 0.102 0.071 
Nr. 2. | 19. EX (82.) | Vor der Injektion 0120 0.062 0.058 
2 lbpm,, 5 5 Stden. 0.120 0.093 0.027 
14.9 Kg 65pm ,, 55 Ones 0.131 0.093 0.038 
Sham 20. IX 1 Tage 0.127 0.087 0.040 
Stier dys ies a ae 0.158 0.109 0.049 
3, 22. 5 Bg 0.151 0.102 0.049 
he kee es 0.149 0.087 0.062 
yy Oe 5 Df 0.13 0.090 0.046 
OS an 0.129 9.083 | 0.046 
» 26. ,, op 0.161 0.097 0.064 
Nia Se 8. II. (33.) | Vor der Injektion 0.107 0.065 |. 0,042 
? 1pm, 55 5 Stden. 0.132 0.111. | ..0.021 
HONG Nee ie eS 0.141 0.103. |. 0,038 
Sam 9. ,, 1 Tage 0.178 0.135 | 0.043 
Plas one. 0.188 0.140 0.048 
Paik BAe. 0.131 0.109 | 0.022 
A phi ea (Sass 0.173 0.140 0.033 
ap Os es ie» As 0.158 0.110 0.048 
4a. Guys 0.154 0.107 0.047 
tee tite Tana 0.160 0.117 0.043 
Fie od fo on, 10 Py 0.193 0.143 0.050 
ap ee ce 0.168 0.128 |}. 0.040 
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2 
blut Serumblilirubin 
Hijmans van den Bergh 
gat te Bemerkungen 
\ ae aie in direk - ace bs 
Raaktion eaktion 
mg% 
46.1 | | verzigert spur — Um 8 Uhr am 5. IX 
225.2 unklar unklar unklar (32.) wurde Toluylen- 
36.1 i unmessbar | unmessbar diam(Merck) als | 
(+) (+) 2.5%ige Lisung in 
eae prompt 5.00 18.10 der Dosis von 0.05 g. 
30.2 ” 3.57 18.32 pro Kilo Koérperge- 
31.8 ” 7.14 9.64 wicht subkutan 
0s Vie Paes o2-3e 4.58 insisiaet, 
47.0- | | 1.43 2.89 
36.7 | i 1.14 1.93 Am 12. 1X (32.) 
41.0 } A 0.71 0.96 abgetotet. 
48.3 (-) (-) (—) | Um8 Uhr am 19 1X 
22.5 © | unklar unklar = | _-(38.) T. D. M. als | 
29.0 | ° f — 2.5% ige Lésung 
31.5 prompt 107 | = 0.05 gr. pro Kilo 
S| # 32.86 = subkutan injiziert 
Se TS, 10.00 19.29 
416 s 3.57 6.29 | 
3318 | a 1.00 1.06 | 
851 | . 0.61 — Am 26. 1X (32.) ” 
39.8 as 0.61 — abgetotet 
30.8 | —) (=) (-) | Um8 Uhram 8.11 (33.) 
159 4 |e, 5 F 5s T. D. M. als 2.5%ige 
27.0 unklar unklar unklar Lésung 0.07 gr. pro 
24.2 — prompt 12.50 19.77 Kilo subkutan 
25.5 | a 14.29 26.04 injiziert. 
$68 ffx vss 10.71 17.36 
19.1 | * aye 14.46 
30.4 | . 4,93 10.70 
30.5 | a 4.82 8.68 
26.8 | :: 2.50 — 
oot ah * “1:86 — Am 22. II (33) 
23.8 S 1.14 == gestorben. 
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TABELLE 


Blutentnahme 


Cholesterin im Gesamt- 


Hund 


Nach der Operation 


Datum Gesamt freies Ester 
(Stunden bzw. of a 

(1932) Tage) 2% £Yo £7 

Nrws 4. VII! Vor der Operation 0.104 0.058 0.046 

Q Bora 55 e55 5 Stden. 0.132 0.065 0.067 

9 Kg | Gia... 4s TO, 0.137 0.078 0.659 

I'am 5. VII 1 Tage 0.143 0.073 0.070 

m6; Ene 0.139 0.073 0.066 

, 8. 4 0.149 0.083 0.066 

sg AS ies 0.143 0.079 0.064 

om dehy LORE: 0.245 0.105 0.040 

a aR oa 0.154 0.115 0.039 

Nr. 2. 27. VII| Vor der Operation 0.102 0.056 0.046 

5 ee 5 Stden. 0.104 0.061 0.043 
7.5 Kg 

9%>m ” ” 10 ” 0.110 0.066 0.044 

11%am28. VII 1 Tages 0.133 0.078 0.055 

Oo is Cas 0.145 0.087 0.058 

FeSO ee ae 0.157 0.093 0.064 

Peta VillE tee 0.167 0.091 0.076 

oe ieee 0.152 0.087 0.065 

fukGaa & LO 0.158 0.085 0.073 

Oe Se 137° 5s 0.180 0.093 0.087 

ita el 16h 0.163 0.085 0.078 

elon es nL) aura 0.154 0.110 0.044 

wso8e aa Pa Paes 0.157 0.122 0.035 

Nr. 3. 3. VIII] Vor der Operation 0.103 0.060 0.043 

? 40m ,, 5 Stden. 0.119 0.076 0.043 
115K 

Sperone es Ties ia 0.143 0.096 0.047 

11%sm 4, ,, 1 Tage 0.150 0.100 0.050 

esa ne 0.138 0.086 0.052 

eles, Sime 0.151 0.087 0.064 

Pe Bie 0.161 0.090 0.071 

Sle jae 0.158 0.039 
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NATE 
blut Serumbilirubin 
Hijmans van den Bergh 
Warestork y Bemerkungen 
, dirokte indirekte 
Beaker Reaktion 
mg7o 
44.2 (—) (—) Um 11 Uhr am 4. VII endt die 
50.8 prompt (—) Operation von Unterbindung 
43.1 |  wnmessbar der Ducti choledochus und 
i (4+) cysticus. 
49.0 x 1.93 
47.5 e: 1.86 
44,3 . 4.57 
44.8 | 2.57 
27.6 | 6.43 Gegen 5 Uhr pm 17. VIL 
25.3 * | DET, gestorben 
45.1 (—) (—) Um 11 Uhr am 27. VII endet 
413 aay unmessbar die Operation von Unterbin- 
| C+) dung der Ducti choledochus 
40.0 prompt ey und eysticus. 
| 
messbar 
41.4 ;; Ps. ( ) . 
40.0 55 0.64 
40.8 3 0.71 
45.5 - 1.70 
42.8 > | 2.86 si 
46.2 a | 2,86 
48.3 5 | 2.68 
47.9 _ 0.57 
28.4 - 0.64 Gegen 7.5 Uhr pm 23. VII 
22.3 75 1.07 gestorben 
41.7 k=) (—) Um 11 Uhr am 3. VII endet 
unmessbar die Operation von Unterbin- 
ad mee (t+) dung der Ducti cholodochus 
32.9 ” 0.36 und eysticus. 
33.3 7 1.29 
BEM ov 3.2 
42.4 3 Sy Al 
44.1 $3 2.89 Gegen 8 Uhram 11, VIII 
24.7 a — gestorben 
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5. Die Verminderung der Esterquote wird sowohl bei den 
Erkrankungen mit Hypercholesterinimie (essentielle Hypertonie, 
chronische Nephritis und Lipoidnephrose) als auch bei den mit 
Hypocholesterinimie (Animie) nicht beobachtet. 

6. Die Tagesschwankung des Cholesterins im normalen 
Hundeblute betragt ca.10% und die Esterquote zeigt fast keine 
nennenswerte Schwankung. 

hae “Bei mit Toluylendiamin vergifteten Hunden wird eine 
absolute Verminderung des Estercholesterins schon 5 Stunden nach 
der Giftinjektion beobachtet, und die Gesamtcholesterinmenge 
beginnt 5-10 Stunden nach der Injektion zuzunehmen und erreicht 
den maximalen Wert nach 1, 7 resp. 10 Tagen. Die einmal 
verminderte Esterquote steigt in ausgeheilten Fallen unter einigen 
Schwankungen allmaéhlich zum normalen Werte an, wahrend sie 
bei letalem Ausgane nicht wieder ansteigt. 

-.8., Bei Hunden, deren Ducti choledochus und _ eysticus 
eleichzeitig unterbunden wurden, geht bis zum spateren Stadium 
der 'Versuche die Vermehrung der Estercholesterinmenge mit der 
des freien Cholesterins Hand in Hand, so dass die Esterquote keine 
Verminderung zeigt. Eine Verminderung der absoluten sowie 
prozentuellen Esterwerte wird kurz vor dem Tode gefunden. 

9. Aus diesen Versuchsergebnissen wird geschlossen, dass in 
der Klinik eimer ausfiihrlichen Reihenuntersuchung des Chole- 
sterins und seiner Ester eine wichtige Bedeutung fiir die Prognose- 
sellung der Leber- bezw. Gallenwegerkrankungen zukommt. 

Weitere Untersuchungen sind im hiesigen Laboratorium im 
Gang. i, 
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UBER DIE OXYDATION DES w-OXYMETHYL- 
FURFUROLS IM ORGANISMUS. 


VON 


YUZO SENDJU. 


(Aus der medizinischen Universitadtsklintk zu Nagasaki, Japan. 
Direktor: Prof. Dr. N. Kageura.) 


(Hingegangen am 16. Marz 1937) 


Die Oxydation der Hexosen wurde schon verschiedenartig un- 
tersucht und die Oxydationsprodukte analysiert. Die Ergebnisse 
kénnen dahin zusammengefasst werden, dass die Oxydation nicht 
gleichmadssig verliuft, sondern zu mannigfaltigen Oxydations- 
produkten ftithrt und in hohem Masse von den Versuchsbeding- 
ungen abhangig ist. 

Bei Versuchen der Beeinflussung des Kohlehydratstoffwechsels 
steht das w-Oxymethylfurfurol in einer besonderen Stellung, weil 
Steudel und Mitarbeiter (1924) wissen, dass zahlreiche Kohlehy- 
drate, vor allem die Ketosen, bei geeigneter Zersetzung durch 
Sduren, mehr oder weniger grosse Mengen von Oxymethylfurfurol 
zu liefern imstande sind und dass seit Tollens in einer grossen 
Anzahl von Hexosen eine furanartige Struktur anzunehmen ist. 

Karashima (1927) hat friiher mitgeteilt, dass Tiere, denen 
frisch destilliertes Oxymethylfurfurol per os oder subeutan einge- 
geben worden ist, die Oxymethylbrenzschleimsiure zu mehr als 43% 
im Harn ausscheiden. Welches Organ bei diesem Vorgang die wesen- 
tliche Rolle spielt und wie weit er durch verschiedene Ernahrungszu- 
stande beeinflusst wird, ist bisher gar nicht untersucht worden. 

Um die erwahnten Fragen aufzukliren, habe ich einerseits 
einige Futterungsversuche mit Oxymethylfurfurol an Hunden 
ausgefthrt. Ich stellte meine Versuche zuerst bei Ernaihrung 
mit Hiweissfett und dann bei Hungerzustand an demselben, sonst 
gesunden Hunde an, mit dem ich auch vorher meine Versuche 
bei normaler gemischter Ernihrung durchgefiihrt hatte. Anderer- 
seits wurden verschiedene isolierte Organe normaler, hungernder 
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und mit Eiweiss-Fettdiat ernahrter Hunde mit dem defibrinierten 
Blut desselben Tieres, gemischt mit Oxymethylfurfurol, durch- 
stromt und danach aus dem durchstrémten Blut die Oxymethyl- 
brenzschleimsaure isoliert. : 

Die Menge der im Tierorganismus und in den isolierten 
Organen gebildeten Oxymethylbrenzschleimsaure dient dabei als 
Mass fiir die Oxydation des Oxymethylfurfurols, da die Saure 
sowohl im Tierorganismus als auch in den isolierten Organen sehr 
bestindig ist und dusserst schwer angegriffen wird. 

Aus meinen Versuchen geht hervor, dass das verabreichte 
Oxymethylfurfurol im normalen Hundeorganismus zu mehr als 
95% oxydiert und als Oxymethylbrenzschleimsaéure in dem Harn 
ausgeschieden wird. Dabei beobachtet man eine unverkennbare 
Herabsetzung der Oxydationsfahigkeit des Oxymethylfurfurols 
sowohl bei einseitiger EHiweiss-Fettdiat als auch bei Hunger. 
Weitere Durchblutungsversuche ergaben, dass der Hund in der 
Leber und zum kleineren Teil auch in dem Magen die Fiahig- 
keit besitzt, das Oxymethylfurfurol zu Oxymethylbrenzschleim- 
sdure zu oxydieren, aber in der Milz, Lunge und Niere ganz und 
gar nicht. Man bemerkt auch dabei, dass die Menge der durch 
Oxydation des Oxymethylfurfurols gebildeten Oxymethylbrenz- 
schleimsaure in der Leber bei mit EHiweiss-Fettdiat ernihrten oder 
hungernden Tieren immer geringer ist, als bei normalen mit 
kohlehydratreicher gemischter Kost gefiitterten. 


EXPERIMENTELLES. 


1. Fuiterungsversuche: 2 mit gemischter Nahrung gut 
genahrten gesunden Hunden (K-G: A. 11,0 ke, B.9,6kg) wurden 
je 3g Oxymethylfurfurol taglich per os gegeben. In 2 Tagen 
wurden 6 g Oxymethylfurfurol verabreicht. Der gesammelte Harn 
wurde abgedampft und in 90 %igen Alkohol aufgenommen, der 
nach Abdampfen des Alkohols erhaltene Riickstand in wenig 
Wasser geldst und unter Zusatz von Schwefelsiure mit Phosphor- 
wolframsaure gefiallt. Das Filtrat von der Phosphorwolframsiure- 
fallung wurde mit Baryt zerlegt und aus dem alkalischen Filtrat 
das Barium mit Kohlensiure und dann mit Schwefelsiure ent- 
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fernt. Die salzfreie Loésung wurde nach dem Einengen mit 
Ather im Extraktionsapparat extrahiert. Aus dem Atherextrakt 
schieden sich schon im Gang der Extraktion prachtvolle Krystall- 
nadeln aus. Nach Abdampfen der atherischen Mutterlauge erhielt 
Die gereinigte Substanz schmolz 

In den Analysendaten zeigt 


man noch reichlich Krystalle. 
bei 167° unter Gasentwicklung. 
diese Substanz eine gute Ubereinstimmung mit Oxymethylbrenz- 
schleimsaure. 

Nach der Erholung des allgemeinen Zustandes wurden die- 
selben Hunde 1 Woche lang mit Eiweissfett ernaéhrt und dann 
mit Oxymethylfurfurol in derselben Weise wie bei normaler 
Ernahrung gefiittert. 

Als nach mehreren Tagen ihre Ernahrung und allgemeines 
Befinden sich ganz normal erholt hatten, stellte ich meinen Ver- 
such bei Hunger, der sich tiber 7 Tage erstreckt, an denselben 
Hunden an. Die Verarbeitung auf Oxymethylbrenzschleimsaure 
aus dem Urin geschah in derselben Weise wie oben erwihnt. 

Die Resultate sind in Tabelle I zusammengestellt. 


TABELLE I. 
Ke Verfiitterte |Gefundene Menge 
Vv ae Bee Menge des der Oxymethyl- 
eae Pala =< Oxy methy|- brenzschleim Bemerkungen. 
tier. ae furfurols. siure. 
in kg in g in g in % 

i fine + Gemischte 
Hund A. 11,0 6,0 6,7 97,7 Nalhrine: 
Hund B 9,6 a 6,5 95,0 es 
Hund A 10,3 a 0,0 80,4 Hiweiss-Fettdiat. 
Hund B 8,6 4 5,2 76,0 5 
Hund A 8,5 7 6,5 95,0 | Hunger. 

Hund B 7,8 7 59 70,1 ct 
2. Durchblutungsversuche: Die Durchblutungsversuche 


wurden an Leber, Magen, Milz, Lunge und Niere der normalen, 
hungernden und mit Hiweiss-Fettdiat ernihrten Hunde ausgefuhrt. 
Die Durchstromunesfiiissigkeit bestand aus defibriniertem Hunde- 
blut, vermischt mit 3-5 ¢ frisch destilliertem Oxymethylfurfurol. 
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Um die gebildete Oxymethylbrenzschleimsiure krystallinisch zu 
erhalten, wurde das durchstrémte Blut von einigen Versuchen 
gesammelt. Das gesammelte Blut wurde in Gegenwart von 
Schwefelsiure mit Phosphorwolframsiure enteiweisst, filtriert und 
dann mit Baryt behandelt. Aus dem alkalischen Filtrat wurde 
das Barium mit Kohlensiure und dann mit Schwefelsaure voll- 
stindig beseitigt. Die salzfreie Losung wurde auf ein kleines 
Volumen eingeengt und im Flissigkeitextraktor mit Ather ex- 
trahiert. Der Atherextrakt wurde dann auf Oxymethylbrenz- 
schleimsiure verarbeitet. Bei den Versuchen von Leberdurch- 
blutung erhielt man reichliche Krystalle aus Atherextrakt, die, 
aus heissem Wasser mit Tierkohle umkrystallisiert, bei 167° 


TABELLE II. 


Bei normaler Ernahrung. 


Gefundene 


K6rper- Menge canes Durch- Mengeder 
Versuchs-| gewicht des Ovean des Rees i blutungs- | OxymoathyI- 
nummer. | Hundes. 6’ | Blutes. ee rer dauer. brenzschle- 
; imsaure. 
ke ecm g Std g 
1 10,0 Leber 300 3,0 3 
% 2,5 a 400 4,0 a 
3 8,0 5 300 3,0 2 3,60 
4 10,5 Ah 400 4,0 - 
5 11,5 ” ”» ” 3 
6 8,0 Magen 300 5,0 3 
7 9,5 » ” 3,0 » 0,12 
12,0 * 400 5,0 os 
6 10,5 Milz 300 3,0 2 
10 11,0 ” ” ” >”? (=) 
tt 9,5 9 ” ” 3 
12 12,5 Lunge 300 3,0 3 ; 
13 13,0 ” ” 22) ” ( =) 
ae: 8,0 ” +? ” 2 
15 13,5 Niere | 300 3,0 3 | 
16 7,0 ” ” ” ” (=) 
17 12,0 | 
. ” bed 33 ” 
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schmolzen. Dass es sich um Oxymethylbrenzschleimsiure handelte, 
wurde durch eine Analyse bestiatigt. 


0,0502 g: 0,9932¢ CO, 
Car O; = Ber. C 50,69 
Gef. 50,62 


Die Ergebnisse 


0,0200 g¢ 


H,0, 


Hl 4,26 
4,45 


TABELLE III. 


sind in folgender Tabelle zusammengestellt. 


Leberdurehblutung. 
Bae Kérpet. Menge des Gotindene 
mas : Gewicht| Menge = | Durch- |Menge der 
3° |gewicht zugesetzten 3 
34 der des blutungs- |Oxymethyl-| Bemerk- 
Bos des Leber. | Blutes. OX7™ethyl|  gauer brenzschle-| ungen 
5 5 |Hundes. i ‘| furfurols. : penne: eo. 
SA imsaure. 
kg. g. cem. g. Min. 2. 
18 Tey 450 350 3,0 80 
= ES 
- is uu a 7 “ Gemischte 
20 8,7 430 a Bs 33 1d Nahrung. 
21 13,0 550 Pe a 75 
22 11,6 450 350 3,0 70 z 
23 il 360 x ” 80 ae Eiweiss- 
24 9,4 280 re fe | 0.7 Fettdiat. 
25 10,0 420 a cs 75 
26 9,8 360 300 3,0 80 ) 
o7 | 11,0 | 380 | 3650 ; ee Ae anges 
28 8,0 - 300 ‘ 9 Lo 
29 | 10,2 | 420 | 350 ? 100 |) 
ZUSAMMENFASSUNG. 


Der Hund besitzt in der Leber und zum Teil im Magen die 
Fahigkeit, das Oxymethylfurfurol zu Oxymethylbrenzschleim- 


sdure zu oxydieren. 


Sowohl bei der einseitigen Hiweiss-Fettdiat als auch beim 
Hungern wird die Oxydationsfihigkeit des Oxymethylfurfurols 


im Hundeorganismus mehr oder weniger deutlich herabgesetzt. 
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IS THE HYDROGEN GAS ELECTRODE NOT 
APPLICABLE TO THE DETERMINATION OF THE 
pH OF OXYGENATED BLOOD? 


(Studies on the blood pH estimated by the 
glass electrode method. VI.) 


By 
HISATO YOSHIMURA and TOMITARO FUJIMOTO. 
Cae First Division cf the Institute of Physiology, Kyoto 
Imperial University. Director: Prof. Dr. R. Shoji.) 
(Received for publication, March 26, 1937) 
INTRODUCTION. 


The hydrogen gas electrode is the standard method of pH 
determination. Jn using this method for the pH determination 
of blood, however, special precaution must be taken to exclude 
those errors due to loss of CO, (the COs-error), due to the 
existence of oxyhaemoglobin (the Os-error), or due to the acid 
change caused b¥ glycolysis. In practice, either Hober’s or 
Hasselbalch-Michaelis’ principle is generally employed. Ac- 
cording to Héber’s principle, hydrogen gas containing a certain 
amount of CO, is passed through the blood in the electrode 
vessel, and thus the blood is completely reduced without any 
loss of CO,. Though the blood pH can be determined precisely 
and accurately by this method, the result is not that of the 
normal physiological condition but that of completely reduced 
blood. Using Hasselbalch-Michaelis’ principle, a hydrogen 
gas bubble which has the same CO» pressure as that of the blood 
is introduced into the blood to exclude the CO»:-error. Accord- 
ing to Michaelis(1914), this hydrogen gas bubble is prepared 
by introducing a small bubble of pure He gas into the electrode. 
This method is more simple than Hoéber’s as it can be apphed 
directly to the blood under normal physiological conditions., i. e. 
in the oxygenated state, so that it was often used in classical 
studies. It is however doubted, whether or not the pH thus 
determined is the accurate pH of the oxygenated blood. In 
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order to establish the accurate potential of the hydrogen gas 
electrode, the blood in the electrode or at least that touching 
the platinum electrode must be completely reduced, aS was 
pointed out by Michaelis(1914), Konikoff(1913), Warburg 
(1922), etc. Therefore it does not appear that the pH value 
calculated from the potential thus established is the pH of the 
oxygenated blood. When the reduction of blood is not complete, 
the Oos-error ruins the accuracy of the measurements. Thus, 
Peters (1914) stated that it was impossible to determine the 
accurate pH of oxygenated blood until some other satisfactory 
electrode was found. 

Since Parsons (1917) proved that whole blood has the same 
pH as that of its plasma, the pH of blood in the physiological, 
oxygenated condition is generally determined by separating the 
plasma and meauring its pH. For example, the plasma pH 
measured by the colorimetric method of Cullen (1922), Has- 
tings and Sendroy (1924), or Hawkins (1923), and corrected 
to the value at the body temperature is usually regarded as the 
real pH of the blood. . 

One of us (Yoshimura, 1935, b) previously reported that 
the pH of oxygenated whole blood determined at a room tem- 
perature of 16°C by a hydrogen gas electrode (using Michaelis’ 
principle) coincided approximately with that determined by 
means of a glass electrode. Thus he concluded that both the 
glass electrode and the hydrogen gas electrode can be applied 
to the pH determination of oxygenated whole blood. At the 
body temperature, however, the hydrogen gas electrode cannot 
be generally applied to the whole blood, as the acid change due 
to glycolysis progresses rapidly, while the potential of the elec- 
trode comes late to attain the equilibrium. Yoshimura (1935, 
b) also proved, using rabbit’s blood, that the pH of its plasma 
Separated at a room temperature and determined by means of a 
hydrogen gas electrode at 37° coincided with that of the whole 
blood measured by means of a glass electrode. Accordingly, he 
recommended that the plasma be applied to the hydrogen gas 
electrode measurement at body temperature. 
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The conclusions previously reported, however, include some 
weak points, as was suggested by Sendroy, Shedlovsky and 
Belcher(1936). The results should be closely reexamined to 
determine whether or not the oxygen error was completely 
excluded from the hydrogen gas electrode measurement of oxy- 
genated whole blood; and whether the fact, that the pH of the 
plasma separated at a room temperature and measured at the 
body temperature coinciding with that of the whole blood, is 
applicable ‘to other subjects than the rabbit. The present re- 
search was directed along these points. 


MeEtTHOoDs. 


The hydrogen gas electrode used in the present investiga- 
tion, was Kurose’s electrode of the syringe type (see Hiraki, 
1932), which was based upon Michaelis’ principle. The volume 
of hydrogen gas bubble introduced into it occupied 1/8-1/6 of 
its content. As the pH values of the plasma determined by the 
hydrogen gas electrode coincided within the scope of experimental 
error with that found by the use of the glass electrode measure- 


TasLe I. 


Comparison of hydrogen gas and glass electrode pHi 


measurements on goat plasma at 15°C. 
a se eae 
po ae Peco, of gas pH with pH with H, Difference 
eae equilibrated | glass electrode | gas electrode (pH) 
23 mm Hg 7.673 HASHES 0.000 
2 22 7.736 aaa — 0.019 
3 43 7.404 7.398 — 0.006 
4 20 7.601 7.604 +0.003 
e) 16 7.589 7.610. + 0.021 
6 25 7.538 7.566 + 0.028 
if 26 7.084 7.548 +0.014 
8 30 7.505 7.503 — 0.002 
9 16 7.637 7.634 — 0.003 
+ 0.004 
Mean +0.008 
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ment (Table I), it is clear that this volume of gas does not 
cause any CO»-error. Moreover this volume was found to be 
the best for obtaining the correct pH of oxygenated blood, when 
checked by means of the glass electrode. When the gas was 
introduced into oxygenated blood, however, its volume was chosen 
to be about 1/5 of that of the content. As a portion of it was 
eliminated by forming H,O with oxygen coming from oxyhaemo- 
globin, its volume was reduced to about 1/6 of the content, when 
the equilibrium was attained. 

In order to correct the EH. M.F. of the hydrogen gas elec- 
trode against a decrease of the partial pressure of hydrogen 
gas caused by COs coming from the blood, the blood used in the 
measurement was previously equilibrated at the temperature of 
the measurement (15°) with a gas of a certain COs pressure 
(16-43 mm Hg), which was measured with a Haldane apparatus. 
The correction was calculated from this partial pressure of COs. 

The glass electrode was the type of capillary tubing pre- 
viously reported (Yoshimura, 1935, a) with the modification 
that a U tubing of MacInnes glass ca. 0.8mm thick and 6 cm 
long replaced the electrode membrane. Its capacity was ca. 0.7 
ec. With such an electrode, it was often found that the potential 
attained an equilibrium very slowly, and that its slope of the 
potential-pH line was slower than the theoretical value. There- 
fore, those electrodes with which the equilibrium of the poten- 
tial could be attained within 5 minutes and the slope of the 
potential-pH line coincided with the theoretical value were 
selected. 

In order to compare the pH determined by the hydrogen 
gas electrode method with that found by the glass electrode 
method, both sorts were always checked with a phosphate buffer 
of a known pH (pH’) before beginning the experiments of the 
day. This pH was previously determined by means of the hy- 
drogen gas electrode method. 0.01. N HCl, the pH of which was 
assumed to be 2.085 at 15°C and 2.036 at 37°C, was adopted as 
the standard according to Katsu(1927). Now the potential of 
this buffer measured with any of the two sorts of electrodes 
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being E’, and that of the blood with the same electrode HZ, the 
pH of the blood is found by 


E—E!' 
RTF’ 
where Ff is the gas constant expressed in a corresponding unit. 
The pH thus obtained with the hydrogen gas electrode and that 
with the glass electrode are to be compared. By using this 


procedure, an accurate comparison is possible, disregarding the 
diurnal change in the calomel electrode potential, in the atomos- 
pheriec pressure, and in the asymmetry potential of the glass 
electrode, ete. 

To secure the accuracy of the data, the same sample was 
measured repeatedly with one or two glass electrodes, and with 
4-11 hydrogen gas electrodes and the data observed were re- 
spectively averaged. ‘ 

It was found by preliminary experiments that oxalated goat 
blood kept its pH constant over 6 hours at 15°C, owing to the 
very slow progression of its glycolysis. Therefore this blood 
was generally adopted for the experiments in which the applica- 
bliity of the hydrogen gas electrode method to the oxygenated 
blood sample was to be examined. In these experiments, a long 
time was allowed in order to attain the potential equilibrium. 
In other experiments, the oxalated blood samples of various 
animals were also used. These blood samples were usually kept 
at 15°C or below, except when the temperature is mentioned in the 
description. On the preparation of the oxalated blood, see our 
previous report (Yoshimura, b). 

To avoid a loss of COs from the blood, it was always treated 
under a thick layer (ca. 4m) of liquid paraffin except when 
it was necessary to keep the blood over ca. 2 hours. In the 
latter case, solid paraffin was superposed on the liquid paraffin 
layer, or the blood was kept in a closed vessel with a stopcock 
attached. 


On the measurement of the glass electrode potential by 
means of an electron tube electrometer. 
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The potential of the glass electrode was measured with an 
electron tube electrometer which was constructed with a space 
charge grid tube Mazda UX 54 (Hamada, 1933). The circuit 
design was that of the ordinary simple type (cf. Fig. 2 of 
Miiller and Diirichen). When this electrometer was used as 
a null instrument with a galvanometer of a sensibility of ea. 
2x10-° A., it could accurately measure the potential up to 0.1 
m.V. In spite of its high input resistance (ca. 10%), an error 
due to a grid current which amounted to several tenths milli- 
volts was found, when a glass electrode with a resistance of ea. 
10° was measured. This error was easily eliminated by the 
following procedure suggested by Kahler, De Eds, Rosenthal 
and Voegtlin(1930): let the real potential of the glass elec- 
trode be H, its internal resistance #, and the grid current J,, 
the sign of which being positive when the grid current flows 
from grid to filament in the interior of the tube. Then the 
positive pole of the glass electrode being connected with the 
potentiometer, and the negative pole to the control grid, the 
potential HZ, which is given by the potentiometer reading is 
expressed by the following formula: 


jBgeaia LI EIE Or 


Again, the connection of the electrode being reversed, the poten- 
tial H_, given by the reading, is expressed by 


Bei (3). 
On adding (2) to (38), the real potential is obtained by 
7 H,+E_ 
f Dy eS 
2 (4). 
By subtracting (3) from (2), we have the grid current, 
1 ae 
at a (5). 


Thus the real potential of the electrode can be calculated simply 
from the equation (4), the error due to the grid current being 
eliminated. The grid current is also caleulated from the equa- 
tion (5) without any special measurement, usually done by 
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inserting in the grid circuit a known high resistance having no 
potential of its own. 

The fact theoretically derived was verified by the experi- 
ment the results of which are given in Table II. As is seen 


TABLE II. 


Potential determined with the ‘ 
Grid current 


Grid tube electrometer 
bias 
Be | We EB Calculated Observed 

—1.9V 196.6 mV 194.8 mV 195.7 mV/+3.6 x 10-# A) +4.6 x 10-8 A 
—2.4 195.6 | 195.8 | ‘3 —0.4x ,, OSL 9, 

| | 
—2.9 195.5 195.9 s =0.8x ,, —0.8% ,, 
—3.9 195.4 | 196.0 de AB 4, IVs 


Electrode measured: Glass electrode of 2.5x10°Q resistance of which 
the potential determined with a Lindemann electrometer was 
195.7 mV. 

Conditions at which the electrometer was operated: Filament current 
0.1 A, Plate voltage 7.2 V, Space charge grid potential 5.2 V. 


in it, the real potential calculated from the equation (4) coin- 
cides well with that determined with a Lindemann electrometer, 
while the potential actually read on the potentiometer varies as 
the grid potential changes. The grid current calculated from 
the equation (5) also coincides within the scope of experimental 
error with that determined by the use of the vacuum tube 
resistor of 1.3x10°2 (Tokyo Elect. Co.). 

In order to measure the pH by means of a glass electrode, 
however, such special precautions for eliminating the error due 
to the grid current is unnecessary, for the error can be eli- 
minated in caleulating the pH by the equation (1) in so far 
as the grid current is kept constant within the scope of experi- 
mental error throughout the experiment. When the pH values 
of the same buffer solution or blood measured by means of this 
electron tube electrometer and by Lindemann’s electrometer were 
compared with each other, it was found that they coincided 
within ca. 0.01 pH, which corresponds approximately to the 
reproducibility of the potential of the glass electrode. 
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EXPERIMENTAL RESULTS AND DISCUSSION. 


A) Is the Hydrogen Gas Electrode not Applicable to 
the pH Determination on an Oxygenated 
Blood at a room Temperature? 


To answer the® question, it is best to compare the pH of 
the same oxygenated blood determined by means of a hydrogen 
gas electrode and of a glass electrode. Preliminary to the 
experiment with the oxygenated blood, however, it is necessary 
to confirm the applicability of the glass electrode to the pH 
determination of whole blood, as pointed out by Sendroy, 
Shedlovsky and Belcher (1936). Although the reliability of 
the glass electrode measurement of the plasma pH was proved 
by several investigators, e.g. Stadie, O’brien and Laug (1931), 
Haugaard (1934), Yoshimura (1935) ete, the only approxi- 
mate proof of it for the whole blood was offered by Sendroy, 
Shedlovsky and Belcher (19386). 

To check the results of the latter authors, a comparison: 
between the glass electrode measurement and the hydrogen gas 
electrode measurement was made at 15°C on the reduced whole 
blood of goat and also on its reduced sample haemolysed by 
1% saponin. Reduction of the blood was accomplished by pas- 
sing pure hydrogen gas over the blood in a saturator, and then 


Tapue IIT. 4 


Comparison of hydrogen gas and glass electrode pH measurements 
on reduced whole blood of goats at 15°C. 


4 1 pil with pH with H,. oreeeely, : 

ample glass electrode] gas electrode Difference Mean 
8 1 7.330 7.336 +0.006 pH 
2 2 7.510 7.504 — 0.006 

. o a 

2 3 7.495 7.469 ~0.026 ee 
E 4 7.317 7.349 + 0.032 
i ras} 7" a = "1 
RS i 7.383 7.389 + 0.006 
AS 2 7.442 7.461 + 0.019 + 0.008 
ce} 
aS 3 7.435 7.43 — 0.002 
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it was equilibrated with a hydrogen gas containing CO, of the 
physiological tension in a tonometer. Results are given in Table 
IIT. It can be seen that the pH values of the reduced blood 
determined by means of both sorts of electrodes coincide with 
each other almost within the scope of experimental error. Thus 
we can determine the pH value of whole blood and also of 
haemolysed blood by means of our glass electrode. 

Then similar comparisons were carried out at 15°C on the 
oxygenated whole blood of goats and also on the oxygenated 
sample haemolysed by 1% saponin. -Results are given in Tables 
IV and V. In the second column of the tables, the partial 
pressure of oxygen equilibrated with the blood is given which 
is sufficiently high to make the blood fully oxygenated. As is 
seen in Table IV, the average pH difference between the values 
determined by both sorts of electrodes is less than its probable 
error. Therefore it is confirmed that the hydrogen gas electrode 
ean be applied to the pH determination of oxygenated whole 
blood at room temperature. Table V shows, however, that the 


Table IV. 


Comparison of hydrogen gas and glass electrode pH measurements 
on oxygenated whole blood of goats (15°). 


No. of F F 
ment | 

| 150mm Hg 7.663 7.669 +0.006 pH 

2 150 7.704 7.697 — 0.007 

a7 | 153 7.737 7.730 — 0.007 

oa 150 7.343 7.321 — 0.022 

5 152 7.581 7.600 + 0.019 

6 | 154 7.602 7.602 0.000 

7 | 130 7.504 7.539 + 0.035 

Saal 125 7.299 7.279 —0,020 

9 154 7.389 7.414 + 0.025 

10 153 TATA 7.467 —0.007 

| | +0.002 

eS 40.004 
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TABLE V. 


Comparison of hydrogen gas, and glass electrode pH measurements 
on oxygenated goat blood haemolysed with 1% saponin. 


OO Po. of gas pH with pH with H, Difference 
ober equilibraated | glass electrode | gas electrode (pH) 
ah 150mm Hg 7.022 7.560 + 0.038 
2 134 7.434 7.485 + 0.051 
3 125 7.189 7.229 + 0.040 
4 127 7.329 7.412 + 0.083 
5 154 T23 7,265 + 0.052 
6 153 1.237 7.316 + 0.079 
+ 0.057 
Mean 0.006 


pH values of the oxygenated haemolysed blood determined with 
the hydrogen gas electrode is always higher by 0.04-0.08 pH 
than that estimated with the glass electrode; and the mean dif- 
ference (0.06 pH) between these two pH values is ten times 
greater than its probable error (+0.006 pH). Thus there is no 
doubt but that this difference really exists. Similar results were 
obtained on the oxygenated whole blood of a horse (partly 
reported in the previous paper, Yoshimura, b) and also on a 
haemolysed sample of the same blood. 

Now, in order to answer the question why the two deter- 
nations are in discord on the haemolysed blood while they are 
in accord on the whole blood, the following experiments were 
carried out: (1) The courses of the hydrogen gag electrode 
were followed after the electrode being shaken for 1.5 hours in 
various solutions. The figure shows the results. The potential 
is taken on its ordinate in the pH unit, while the time after 
hydrogen gas bubble being introduced into the electrode is taken 
on its abscissa. While the potential attained an equilibrium 
even at the beginning in a phosphate buffer solution, plasma or 
reduced blood, the equilibrium was attained barely after ca. 4 
hours in oxygenated whole blood, and after ca. 6 hours in OXy- 
genated haemolysed blood. The delay of the potential equilibra- 
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Fig. 
Courses of potential (in pH unit) of hydrogen gas electrode 
with the lapse of time in various solutions. 
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tion in the oxygenated blood samples was due to the prolonged 
reduction of an abundant quantity of oxygen on the surface of 
the platinum electrode. After the potential attained the equili- 
brium in the oxygenated blood, the electrode was shaken 2-3 
times to stir the solution. Then it was observed that the poten- 
tial fell immediately to a markedly low value and thereafter it 
rose gradually to attain the initial equilibrated potential. This 
is shown by the dotted line in the figure. In these cases, the 
electrode vessel was not dipped directly in a saturated KCl 
solution, but it was immersed in blood of the same source, which 
was connected with the saturated calomel electrode by a satu- 
rated KCl agar bridge. Therefore this potential fall was by no 
means due to the contamination of the blood with the saturated 
KCl solution. A similar potential fall caused by shaking was 
also seen in the case of the buffer solution and the plasma, but 
its extent was far less than that of the oxygenated blood. 
Therefore this marked potential fall found with the latter was 
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thought to be due to liberation of oxygen on the surface of the 
platinum electrode. This indicates that, the portion of blood 
directly touching the platinum electrode being almost completely 
reduced, the potential of the hydrogen gas electrode applied to 
an oxygenated blood attains an equilibrium, even when a large 
amount of oxyhaemoglobin remains in the main portion of the 
blood. (2) The question arises as to what extent the oxygenated 
samples, thus brought into a potential equilibrium, were reduced. 
To answer the question, the gaseous contents of the oxygenated 
blood were once analysed by a Van Slyke and Neill apparatus 
before it was mounted in the hydrogen gas electrode, and once 
again after it was treated similarly to the usual hydrogen gas 
electrode measurement but in this case the dipping in a satu- 
rated KCl solution was ommited in order to prevent the blood 
from contamination. The whole and the haemolysed blood were 
examined at the same time. The results were that only a partial 
reduction had occurred in the electrode vessel, i.e. 22 —-34% 
reduction in the oxygenated whole blood, and 33 —- 52% reduction 
in the haemolysed one, the latter always exceeding the former. 
The CO. content of the blood was found to be approximately 
unchanged by the equilibration. This fact ensures that any 
appreciable CO2-error did not occur in the hydrogen gas elec- 
trode measurement. An example is given in Table VI. (3) It 
is asked if such a degree of reduction of the oxygenated blood 
samples might affect their pH. To answer the question, the 


TABLE VI. 


Comparison of gaseous contents of oxygenated goat blood before and 
after the treatment with the hydrogen gas electrode. 


Sample Gas Before After % reduction 
CO, 49.1% 48.57% 
Whole blood O, | 12.7 9.9 22% 
% oxygenation 100 
ie : CO, 51.7 51.5 ; 
Taemoly sec 
iaoa Oz 12.3 8.2 33 


% oxygenation 98 
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pH being determined by the glass electrode method, comparisons 
of the pH values of an oxygenated samples before and after 
reduction in the hydrogen gas electrode were made similarly 
to the above experiment of gas analysis. Results tell us that 
the pH of the whole blood thus reduced was not changed, while 
that of the haemolysed blood was increased on an average’ by 
0.03 pH (see Table VII). This difference of the effect of 


TABLE VII. 


Comparison of pH of oxygenated goat blood before and after the 
treatment with the hydrogen gas electrode. 


Sample aebean | Before After Difference Mean 
| 1 | 7.704pH| 7.698 pH| —0.006 pH 
Whole blood / 2 | 7.389 7.394. + 0.005 —0.001 pH 
| 3 | 7.766 7.764 —0.002 
| 1 | 7.565 7.590 + 0.025 
Se Recetas | 2 | 728 7.265 | +0.052 | +0.032 
| 3 7.639 7.657 | +0.018 


the reduction upon the pH of whole blood and haemolysed blood 
may be explained by the following three reasons. (i) The 
haemolysed blood is reduced in the electrode to a higher degree 
than the whole blood as mentioned above. (ii) As was pointed 
out by Van Slyke, Hastings and Neil] (1922), the amount 
of alkali liberated from oxyhaemoglobin by a certain degree of 
reduction is larger in the case of haemolysed blood than in the 
ease of whole blood. (iii) The Donnan equilibrium which causes 
a buffering power against the pH shift due to the reduction of 
oxyhaemoglobin is lost in the haemolysed sample. These are 
probably the reasons why the pH of the haemolysed blood was 
increased by the partial reduction in the hydrogen gas electrode, 
while that of the whole blood was not changed, probably owing 
to its high buffer capacity. 

From these facts, we can explain why the hydrogen gas 
electrode gave a correct pH for oxygenated whole blood, but a 
little higher one for oxygenated haemolysed sample. In measur- 
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ing the pH of oxygenated whole blood with the hydrogen gas 
electrode, what was really touching the platinum electrode was 
the plasma, as the electrode vessel was kept upright and the 
corpuscles settled down from the layer immersing the electrode. 
As the pH of the plasma was not changed by a complete reduc- 
tion, the pH of the plasma touching the platinum electrode was 
the same as that of the main portion of the whole blood in 
the electrode which was proved no different from the pH of 
the initial oxygenated whole blood. Thus we see that the poten- 
tial of the hydrogen gas electrode gave the real pH of the 
initial oxygenated whole blood. In the case of haemolysed blood, 
however, not only the pH of the blood in the electrode as a 
whole was shifted to a little higher pH owing to the partial 
reduction by the hydrogen gas as mentioned above, but also the 
pH of the portion directly touching the platinum electrode was 
further increased by its almost complete reduction. These are 
probably the reasons why the hydrogen gas electrode gave a 
decisively higher pH value than the glass electrode. 

In short, the hydrogen gas electrode can be applied to the 
pH determination of the oxygenated whole blood at a tempera- 
ture of about 15°C. The pH of the oxygenated haemolysed 
blood determined by the hydrogen gas electrode method is, 
however, higher by 0.06 pH on an average than the correct pH 
owing to the reduction of oxyhaemoglobin. Thus the datum is 
only reliable to 0.1 pH. Refering to the present results, data 
obtained in classical investigations on the acid-base equilibrium 
of blood may be regarded as approximately correct. 

The hydrogen gas electrode method is, however, by no means 
the best for determining the pH of oxygenated blood, as its 
experimental error is rather serious, probably owing to the COos- 
error and the O.-error which are not completely eliminated. For 
example, +0.013 pH was obtained as the probable error of a 
Single observation calculated from ten repeated determinations 
of one and the same oxygenated whole blood, while +0.004 pH 
was the probable error for reduced whole blood. 
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B) Is the Hydrogen Gas Electrode Applicable to 
the pH Determination of Oxygenated 
Blood at Body Temperature? 


To estimate the blood pH at body temperature by means 
of the hydrogen gas electrode, one of the present authors (Y oshi- 
mura, b) previously recommended that it be done by measuring 
the plasma separated at room temperature, as glycolysis cannot 
be avoided in the whole blood. To apply this generally to any 
sort of animal blood, however, it is necessary to confirm that 
the temperature coefficient of the pH of the whole blood is the 
same as that of its plasma. ; 

Among classical investigations, Michaelis and Davidoff 
(1912) found that the pH of human blood measured by means 
of hydrogen gas electrode has the same temperature coefficient 
as that of its plasma, their pH decreasing on a temperature 
rise. A similar result was ascertained colorimetrically by 
Martin and Leppar (1926) on diluted human blood. On the 
contrary, Hou (1926) found electrometrically that the pH of the 
whole blood of horse decreases 0.09-0.16 pH more intensively 
than that of its separated plasma when the temperature changes 
tirpm? 18> 6 37%. 

While in the above experiments the total CO, content was 
kept constant on changing the temperature, Hasselbalch (1917) 
found, on keeping the partial pressure of CO, constant, that the 
temperature coefficient of the pH of a whole blood and its 
separated plasma differed. 

In these investigations, however, they did not pay due 
attention to the influence of glycolysis taking place in the sample 
after collection. According to present knowledge, this may not 
be neglisible at all. It sometimes causes a marked change of 
the pH of the sample. Therefore the problem was re-examined 
during the present research, the glass electrode method being 
applied to avoid any influence of glycolysis. For this purpose, 
it is best to compare the temperature coefficient of whole blood 
with that of its separated plasma, the pH measurement being 
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carried out on each of both samples at various temperatures. 
In order to simplify the procedure, however, the question was 
answered in the present research by comparing the pH of the 
plasma separated at various room temperatures but measured 
at 37°C with that of its original whole blood measured at the 
same temperature. If the temperature coefficients of both sam- 
ples are not the same, their pH will differ, and the difference 
will become larger as the temperature of plasma separation falls. 

At first the effect of the separation of the plasma at 10°- 
15°C was examined, of which the results are given in Table VIII, 
1-8. The blood was drawn from the cubital vein of human 
subjects (1), the jugular vein of goats (4) and of a horse (5), 
and from the carotid artery or by heart puncture of cats (2), 
of dogs (3), of rabbits (6), of cocks (7) and of toads (8). Its 
pH (given in “a’’ of the second column in each table) was 
determined immediately after shedding at 37°C. Another por- 
tion was centrifuged after being cooled down to a room tem- 
perature of 10°-15°, and its plasma was determined on its pH> 
at 387°C (4th column in the table). Then the remaining content 
of the centrifuge tube was stirred with a glass rod, and the pH 
of the whole blood thus restored was again measured at the 
same temperature (“b’’ of the second column). During two 
measurements, the pH of the whole blood coincided within ea. 
0.01 pH. Thus the mean value of the two tests was taken as 
the pH of the whole blood. The pH of the plasma was always 
higher than that of the whole blood, the average differences 
being as follows: 0.08 for human blood, 0.10 for cat blood, 
0.10 for dog blood, 0.06 for goat blood, 0.06 for horse blood, 
0.02 for rabbit blood, 0.11 for cock blood and 0.10 for toad 
blood. 

Next, similar experiments were carried out on the blood of 
cats and rabbits, the plasma being separated at 20°-25°C. The 
pH difference between the whole blood and its plasma was 0.05 
pH in the case of the cat (Table VIII, 9), i.e. about half of 
the pH difference in the above case, while a pH difference of 
0.001 which hes within the scope of experimental error was 
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TABLE VIII. 


Comparison of the pH values of whole blood and plasma at 37°C. 
1) Human blood and its plasma separated at 10°-15°C. 


N f Whole blood 
2 os” t Plasma Difference 
experimen Observed Mean 
a 7.244 pH 
il { “ 7.245 pH 7.328 pH + 0.083 pH 
b 7.246 
7.306 
2 e 7.302 7.382 +0.080 
b 7.297 
7.279 
3 | a 7.274 7.351 +0.077 
b 7.269 7 
: 7.255 
4 { e a 7.249 7.333 +0.084 
b 7.242 
7.32 
5 {* 2 7.325 7.406 +0.081 
b 7.322 
Mean +0.081 


TasLe VIII. 


2) Cat blood and its plasma separated at 10°-15°C. 


| Whole blood 
No. of aan eaeue Lee 
experimen Ones ae 
; ln aa as coir et 7.392 pIL +-0.090 pH 
9 
cae eh 7.273 ae ae ee 
lb 7.262 
: tp as 7.226 ORAL + (101 
b 2 | 
9 
ae fs 7.222 7.309 + 0.087 
lb 7.213 
5 i 7.206 oot ee eas 
b 7.203 
‘ tb ae 7.338 7.424 + 0.086 
ca + 0.097 
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TABLE VIII. 


3) Dog blood and its plasma separated at 10°-15°C. 


= 


Whole blood 


No. of Plasma Difference 
experiment Ohserced Mean 
a 7.211 pH 
1 C tp 7.208 pH 7.307 pH +0.099 pH 
b 7,205 
° { cree 7.168 7.260 +0.092 
b 7.166 
¢ 7.179 
3 i T.ATT 7.273 +0.096 
b 7175 
‘ 7.156 
4 { ; : 7.147 7.244 +0.097 
b 7.138 
Mean + 0.096 
TABLE VIII. 
4) Goat blood and its plasma separated at 10°-15°C. 
Whole blood 
No. of ; 
are Plasma Difference 
Serre Observed Mean 
Take Gee e 7.303 pH 7.365 pH +0.062 pH 
i 7.304 an tee sea 
2 : CaM 7.300 7.360 0.060 
* a 7.296 ; ; iy 
3 is ee 7.376 7.436 0.06 
: b 7.374 ; ete 
a, 7.296 - ee 
4 he aid 7.294 7.357 +0.063 
r : 7.327 ani 
5 Ay 405 
. Boe j 7.405 + 0.080 
6 ( geet 7.364 7.437 
és ee +0.073 
7 13 ale 7.348 7.410 
9 
; By : . + 0.062 
gealade ee 7.356 7.410 5 
Lb 7356 280 ; + 0.054 
Mean + 0.064 
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TApLE VIII. 
5) Horse blood and its plasma separated at 10°-15°C. 
es peste Plasma Difference 
experment Oberved Mean : 
1 i = 7.354 pH 7.390 pH 0.046 pH 
BD: 3 +0. 
tp 7.354 pH ie pene ue 
oe or doen 7.344 7.396 + 0.052 
a lb 7.349 5 4 Uda 
(2 7.325 is 
2 7.323 7.385 + 0.062 
lb T3221 
a 7.339 
Ab | 7.339 7.386 + 0.047 
b 7.339 
5 (a 7.346 & 
5 7.344 7.403 + 0.059 
b 7.341 
a 7.268 
6 { (TAL 7.350 +0.079 
b 7.273 
P 7.346 
ee 7.336 7.394 +-0.058 
b 7.326 
a 7.315 = 
aie ca ‘ 7.313 7.365 + 0.052 
b 7.312 
Mean + 0.057 
TasBLE VIII. 
6) Rabbit blood and its plasma separated at 10°-15°C. 
Whole blood 
No. of Plasma Difference 
experiment Onesrea Mean 
f | bee 7.243 pH 7.260 pH |  +0.017 pH 
b 7.242 
G 2 
ae Cee 7.280 7.301 +0.021 
\b 7.281 
3 i 7.283 7.273 7.304 +0.031 
b 7.2638 
+ 0.023 


Mean 
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TaBLe VIII. 


7) Cock blood and its plasma separated at 10°-15°C. 


Whole blood 


N Os of t Plasma Difference 
Duele Observed Mean 
a 7.427 pH ys 
1 tp eek 7.424 pH 7.536 pH +0.112 pH 
i a 7.383 e 
2 { roa 7.381 7.504 + 0.123 
au 7.392 = 
3 i pave 7.385 7.499 +0.114 
a 7.396 = ~ 
4 {* ee 7.400 7,505 + 0.105 
Mean +0.114 
TasLE VIII. 
8) Toad blood and its plasma separated at 10°-15°C. 
Whole blood 
No. of Plasma Difference 
paren Observed Mean 
a 7.117 pH F 
1 {i Cease 7.123 pH 7.240 pH + 0.097 pH 
a, 7.405 
2 \b Le 7.386 7.484 + 0.098 
a 7.106 20: 
3 i: a 7.093 7.203 +0.110 
a 7.439 cs 
4 ‘ ee 7.429 7.515 +0.086 
Mean + 0.098 
TaBLE VIII. 
9) Cat blood and its plasma separated at 20°-25°C. 
h 
Newer eae ae Plasma Difference 
“fe 1 erene 
experiment Observed Mean 
a 7.310 pH 
: { 7973) 7.292 pH 7.336 pH + 0.044 pH 
; a 7.314 
ad Lone 7.294 7.361 + 0.067 
a .283 
e {e eee 7.274 7.323 + 0.049 
Mean + 0.053 
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observed in the case of the rabbit (Table VIII, 10). 
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The latter 


fact coincides with the result found in our previous report, 
Finally, the plasma separated at ca. 37°C was studied. For 

this purpose, a special centrifuge tube was used. This tube was 

constructed in the following manner: 


TABLE VIII. 


10) Rabbit blood and its plasma separated at 20°-25°C, 


Inside a metal tube was 


{ 


Whole blood 
Lies Plasma Difference 
experiment Observed Mean 
1 e Ee 7.353 pH 7.357 pH +0.004 pH 
ie 7.348 ate 4 eg eA ey 
a 7.369 
2 { 7.357 7.354 —0.003 
b 7.344 
a 7.357 
4 | ‘ 7.357 7.344 iis 
b 7.357 
a 7.356 S 
5 | 7.351 7.367 +0.016 
b 7.346 
Mean + 0.001 
TABLE VIII. 
11) Goat blood and its plasma separated at 30°-50°C. 
Whole blood 
No. of = oF Plasma Difference 
experiment Observed Mean 
| 
7.369 pH 
1 ee 7.365 pH 7.380 pH 0.015 pH 
b 7.361 
2 ‘A ew 7.355 7.362 + 0.007 
b 7.344 
3 { ao 7.362 7.362 0.000 
b 7.357 
4 e eee 7.329 7.333 + 0.004 
b 7.331 
5 { i beet 7.364 7.388 + 0.024 
b 7.367 
Mean +0.010 
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placed a tube of glass. This was in turn lined with asbestos, 
and then was added another glass tube, liquid paraffin, and 
still another glass tube.. 

This six-walled tube being previously warmed , a ea. 50°C, 
the blood was put into it under liquid paraffin, and it was im- 
mediately centrifuged for ca. 15 minutes in a room of ¢a. 30°C. 
The pH of the whole blood of goats and that of its plasma 
thus separated between 30°-50°, both being estimated at 37°C, 
are given in Table VIII, 11. The pH of the whole blood coin- 
cides approximately with that of its plasma (within 0.01 pH 
on an average), though the former was in most cases lower 
than the latter. The latter fact was probably due to the fact 
that the temperature of the plasma separation was lower than 
37° and also to an acid change caused by glycolysis. <A similar 
experiment was carried out at 15°, and it was ascertained that 
the whole blood and its separated plasma has the same pH 
(Table VIII, 12). In this experiment, the pH of the whole 
blood was measured once after determination of the plasma pH. 


TABLE VIII. 
12) Goat blood pH at 15°, the plasma being separated at ca. 15°C. 


No. of experiment Whole blood Plasma Difference 
1 7.448 pH 7.457 pH + 0.009 pH 
D 7427 7.441 +0.014 
3 7.436 7.434 — 0.002 
4 7.602 7.593 + 0.009 
5 7.596 7.576 ‘'+0.020 
6 7.598 7.596 — 0.002 
7 7.595 7.607 “+0.012 
Mean +£0.0003 


Thus it was found that the pH of the plasma Separated at 
a low temperature is higher than that of its whole blood when 
measured at 37°; and the pH difference increases as temperature 
of the plasma separation decreases, while they coincide with each 
other when the temperature of the pH determination is the 
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same as that of the plasma. separation. These facts indicate 
that the temperature coefficient (in absolute value) of the whole 
blood is greater than that of its separated plasma, the pH of 
both the whole blood and its plasma decreasing with temperature 
rises, when their total CO. content is kept constant.. 

From this result it might be maintained that when the pH 
of a blood is to be determined by the hydrogen gas electrode 
method at body temperature, the plasma separated at the same 
temperature should be applied to the measurement with the 
exception of rabbit blood, of which the plasma separated at 20°- 
25°C gives the correct pH. Actually, in the above experiment 
on goat blood, an approximately correct pH was obtained on 
the plasma thus separated at ca. 37°C. But this should be 
restricted to goat blood in which the progress of glycolysis is 
slow even at the body temperature. The latter fact can be seen 
in Table IX, where is sighted the general aspect of the magni- 
tude of the acid change due to glycolysis in oxalated whole 
blood of various animals. The figures in the table are decreases 
of blood pH during the lapse of 15 minutes or so. after shed- 
ding which were measured by the glass electrode method at 37°C. 
As is seen in it, the progress of glycolysis is, however, rather 


TABLE 1X. 


Acid change occurred during the lapse of ca. 15 minutes 
after shedding in oxalated whole blood. 


Acid change in pHi unit 
Animal Nos, ot os 
experiment Extent of Moan 

the change 
Auman 4 0.006—0.023 0.016 
Cat 7 0.015-0.065 0.039 
Dog 6 0.010-0.036 0.023 
Rabbit 11 0 — 0.033 0.018 
Horse 5 Op, 016, 0.008 
Goat 10 0 — 0.020 0.008 
Cock a 0 — 0,015 0.006 
Toad 6 0-==—— 0.023 0.014 
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rapid in cat blood, dog blood, ete. Therefore, on these sorts of 
blood, the accurate pH can not be obtained by applying the 
plasma separated at the body temperature to the measurement, 
as an error due to the acid change may occur during the plasma 
separation. 

From these results, it is concluded that the hydrogen gas 
electrode is not generally applicable to the pH determination 
of oxygenated whole blood at body temperature, the glass electode 
measurement being the only accurate one for the purpose. As 
mentioned in the introduction, plasma separated at room tem- 
perature is now generally used for pH determination in the 
methods of Cullen, Hastings and Sendroy, Hawkins, ete. 
However, the pH values of human blood hitherto determined by 
these methods and generally believed as valid seem to be some- 
what higher than the rea] pH. 

Now we will discuss the reason why the temperature coef- 
ficients of the whole blood and its plasma differ from each other. 
As the blood is a buffer solution consisting of several acid buf- 
fer systems, such as protein, bicarbonate and phosphate systems, 
the temperature coefficient of its pH depends ultimately upon 
those of the dissociation constants of the acids and the relative 
proportion of their buffer values. As is well known, the dis- 
sociation constants of these weak acids increase when the tem- 
perature rises, that is, the heat of dissociation is negative. This 
is the cause of the decrease of the blood pH accompanied by 
the temperature rise. According to van’t Hoff’s isochore, the 
temperature coefficient (in absolute value) of the dissociation 
constant is exponentially proportional to the absolute magnitude 
of the heat of dissociation. It has been well known since 
Meyerhof’s calorimetric experiment that protein has the largest 
or enormous heat of dissociation (in absolute value) among the 
acids, that is, the temperature coefficient of the dissociation con- 
Stant of protein is the largest. This is the reason why the 
temperature coefficient of the pH of the plasma is less than 
that of the whole blood, the whole blood being far richer than 
the the plasma in protein (haemoglobin), and the buffering 
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power of the whole blood being mainly contributed by protein. 
The fact that the difference between the pH change of the 
whole blood and that of its separated plasma, due to temperature 
change, varies according to the species of animal, is thought to be 
mainly due to the variety of the heat of acid dissociation and 
the quantity, i.e. the buffering power, of protein it contains. 


RESUME. 


1. On goat and horse blood, it was proved that the hydrogen 
gas electrode on Michaelis’ principle can be applied to the 
pH determination of the oxygenated whole blood at a room 
temperature (15°C) at which the speed of glycolysis is slow. 
In this case the material directly touching the platinum electrode 
is mainly its plasma the pH of which does not change on reduc- 
tion. The pH of the oxygenated haemolysed blood measured 
by means of the hydrogen gas electrode is, however, higher (by 
0.06 pH on an average in the case of goat blood) than its real 
pH determined by the glass electrode method. This is mainly 
due to the fact that the pH of the oxygenated haemolysed 
blood is increased by reduction. 

2. The pH of oxygenated whole blood cannot be measured 
by the hydrogen gas electrode method at the body temperature 
because at the body temperature the acid change due to glycolysis 
progresses rapidly. The pH of oxygenated rabbit blood at body 
temperature can be determined by applying a hydrogen gas 
electrode to the plasma separated at a room temperature (20°- 
25°C). Such a measurement on the plasma sample is, however, 
not applicable to the blood of human and other animals, as the 
pH of the plasma separated at room temperature and measured 
at the body temperature is higher than that of the whole blood 
measured at the same temperature. Accordingly, the glass elec- 
trode method is the only one which gives the accurate pH of 
oxygenated blood at the body temperature. 

3. When the plasma of whole blood is separated at a room 
temperature (10°-15°C) and its pH is compared with that of the 
same whole blood, both being measured at the body temperature 
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by the glass electrode method, the former is always higher than 
the latter. This is true of all the animals examined. The 
average value of the differences are as follows: 0.08 pH in 
human blood, 0.10 pH in cat blood, 0.10 pH in dog blood, 0.06 
pH in goat blood, 0.06 pH in horse blood, 0.02 pH in rabbit 
blood, 0.11 pH in cock blood and 0.10 pH in toad blood. 

This difference is due to the fact that the temperature 
coefficient of the pH of whole blood which is negative at a con- 
stant total COs content is less, i. e. larger in absolute value, 
than that of its separated plasma, as haemoglobin displays its 
powerful buffer action in the former. 


The expenses of this research were defrayed by a grant 
from the Hattori-Hoko-Kwai, to whom the authors’ thanks are 
due. 
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Mugiline 8, the protamine of the sperm of Mugil japonicus, 
Temminck et Schlegel, as reported in our first paper, contains 
much arginine, and a relatively large amount of monoamino acids 
which are soluble in methanol and ethanol. A large amount of 
a new sample of it was prepared and hydrolysed with sulphuric 
acid. From the hydrolysate was isolated alanine, valine, and 
proline, together with arginine. No other basic amino acid was 
recovered. The molecular proportion of arginine to total mono- 
amino acids was approximately 2:1. Thus mugiline @ belongs 
to the salmine group of the monoprotamines, according to A. 
Kossel’s classification. 

Moreover a small quantity of a diketopiperazine, in the form 
of glittering needles, was discovered in the hydrolysates of mug- 
iline from two different sources. It showed a faintly positive 
Sasaki’s reaction but the ninhydrin test was negative. It was 
identified as valine anhydride by hydrolysing experiments, by 
comparing it with the synthetic product, and by elementary 
analysis. Its [a]? is -62.383 and it decomposes at 299° (uncorr.). 

In 1907 E. Fischer and G. Schenkel prepared valine 
anhydride by melting dl-valine. It might therefore be suspected 
that the valine anhydride in the hydrolysate was formed by 
prolonged heating of valine in H.SO.. Experiments with 1- 
valine by boiling with sulphuric acid, however, did not demon- 
strate the formation of any anhydride. It seems obvious then, 
that the valine anhydride was either contained as such or formed 
from valylvaline, a dipeptide from monoamino acids, by the 
action of 25 % H.SO. at its boiling temperature. The existence 
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of the latter in the mugiline 8 molecule is the more provable. 

From the results of amino-N determination with the formol- 
titration method, M. Nelson-Gerhardt (1919) concluded that 
salmine had a peptide of monoamino acids. HE. Gross (1922), 
and K. Felix with his co-workers (1933) came to the same con- 
clusion with clupeine. However up to the present, no one has 
isolated such a substance from any protamine. 

On the other hand K. Felix and his co-workers (1933) have 
isolated tetrarginine peptide from clupeine hydrolysate. From 
these data it is likely that the protamine has, an -aaaamm- or a 
-Mmaaaz- chain in its molecule together with an -aamaam- or an 
-amaama- chain. In these chain formulae, arginine and mono- 
amino acid are denoted by a and m respectively. 


EXPERIMENTAL. 
Experiment I. 


3.7653 @. of mugiline 8 sulphate or 2.9509 g. of free prota- - 
mine was boiled for twenty hours in an oil bath along with 40 
ml. of 25% H2SOs. After cooling it was diluted with water 
up to 200ml., 2ml. of it contains 8.8390 mg. N, equivalent to 
29.95 % of the free protamine. To the 196ml. remaining was 
added an excess of phosphotungstic acid. From the washed 
precipitates was regenerated a solution of basic amino acid. 
When this was diluted to 200ml., 2ml. of it were found to 
contain 1.7612 mg. amino- and 7.0993 mg. of total N. Thus, 
81.96 % of the total N of mugiline @ was precipitated by phos- 
photungstic acid. Further the proportion of amino-N to total N 
in the phosphotungstate was 24.81 %. From 150ml. of the so- 
lution of basic amino acid was obtained 4.4997 ¢. of arginine 
flavianate or 1.6046 g. of free arginine. Theoretically, from the 
total N there should have been 1.6545 ¢. It becomes evident that 
mugiline @contains 73.98 % arginine and no other basie amino acid. 


Experiment IT. 


Mugiline 6 sulphate, which corresponds to 181l¢. of pro- 
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tamine free from moisture and H2SO,, was hydrolysed for 16 
hours with 980ml. of 25 % sulphurie acid in an oil bath. The 
hydrolysate showed a negative biuret reaction. It was diluted 
with water until it contained 5% H2SOz, after which phosphotung- 
stie acid was added to divide it into two fractions, basic and 
monoamino acids. Though the basie fraction was investigated 
carefully by the method of A. Kossel and F. Kutscher to 
detect the presence of any other basic amino acid than arginine, 
none could be found. According to Experiment I, this fraction 
should contain 96.9 g. arginine. 

The monoamino acid fraction. 

From the filtrate of the phosphotungstate, phosphotungstic 
acid and H.SO.z were removed, dried in vacuo, (weight 30.3 g.) 
boiled with absolute ethanol, and separated into two fractions; 
soluble and insoluble in ethanol and examined closely after M. 
A. B. Brazier’s (1930) method. 


A. The fraction soluble in ethanol. 


The greater part of this was soluble in water but a small 
portion remained undissolved, these are referred to as Aa and 
Ab respectively. 

Aa. Aa was converted into its Cu salt and boiled with 
ethanol. The fraction soluble in ethanol, weighed 15.1 ¢. and 
corresponded to 11.8 ¢. of free proline. 

Calculated for C,.Hy.0,N2Cu Cu 21.79 N 9.60 

found » 21.25 ,, 9.64 
From the residue second crop of the copper salt of proline was 
obtained by boiling with methanol. This crop weighed 0.8 g. 
or 0.6 ¢. of free proline. 


Caleulated for Cy9]H;.0,N2Cu Cu 21.79 N 9.60 
found preUIolie sees 


The Cu salt insoluble in methanol was treated with HS 
and the Cu removed. It weighed 2.3 g. and decomposed at 289°. 


Caleulated for Cs;H,NO, 040.03 7.86 N 15.75 
found op LOSSY — ete ai, dane 


Ab. The small portion which was soluble in hot ethanol but 
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not soluble in cold water, weighed 0.3 g., was recrystallized from 
dilute ethanol. It consisted of microscopic white glittering needles 
which shrunk at 297°, and decomposed at 299° (uncorr.). It 
showed Sasaki’s reaction faintly but no ninhydrin test, and 
had no amino-N. 


3.056 mg. of the substance gave 2.702 mg. H,O and 6.807 mg. CO2. 


SELUAD Ga eh es 53 Ps 0.399 ml. N2 at 25° and 763 mm. 
Caleulated for CyHisN2,0,  C60.56 H9.15 N14.14 
found ,, 60.74 ,, 9.89 ,, 14.47 


The sample when dissolved in glacial acetic acid showed the 
following rotation: 


foji = 2 0:73X100 _ __g9.33 


0.1464x2x4 


0.0490 ¢. of this substance was hydrolysed with 10 ml. of 
eone. HCl for 25 hours and the HCl was removed in the usual 
way. It was converted into a Cu salt by boiling with CuCOs, 
its methanolic extract, when dried, weighed 0.0786 e. instead of 
the theoretical weight of 0.0731 g. 


5.411 mg. of the substance gave 0.437 ml. Nz at 18° and 765 mm. 
VAGCQ ee ase 5s 5 is OBS p om wm UE oy WEG 5 
BOS ame ty A 5, 2.545 mg. CuSO, 
A963) e ey we as Gs y #4 2.634 ,, *s 

Culeulated for CypHeoN,0,Cu Cu 21.49 N 9.47 

found », 21.30, 21.14 ,, 9.53, 9.47 


The ethylester of valine was prepared from l|-valine in the 
usual way and free ester was left standing with a little dilute 
ethanol. Valine anhydride was formed slowly in the form of a 
small quantity of microscopic needles, glittering like silk. It 
decomposed at 298°, it was mixed with the foregoing sample 
which was obtained from the mugiline 8 hydrolysate, but the 
decomposition point of this mixture showed no depression. 


B. The fraction insoluble in ethanol. 


It was converted into its Cu salt, repeatedly boiled with 
methanol, and divided into two fractions: The soluble Ba and 
the insoluble Bb. 
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Ba. Ba weight 8.8 g. equivalent to 8.0 of free valine. It shrunk 
at 280° and decomposed at 285°. 

Caleulated for C,)H.)N.0,Cu Cu 21.49 WN 9.47 

found Ee sree eal) 
From the Cu salt, Cu was removed with HS and free amino 
acid was obtained. 

Calculated for C;H,,NO, C 51.28 H948 N11.96 

found pO Ls O Odie LOG 
Bb. The insoluble Cu salt in methanol was freed from Cu by 
means of HS, and dried in vacuo. “It weighed 3.5 g. 


3.917 mg. of the substance gave 5.778 mg. CO, and 2.857 mg. H,0. 


ANG SM eens sa 50 2 oe 0.548 ml. Nz; at 27° and 766 mm. 
Calculated for C;H,;NO, C 40.03 H7.86 N 15.75 
an » CsHyNOz polecd 5,948) ,, 11.96 
found AY OM estou On oan asoa- 


This substance is probably composed mostly of alanine and the 
rest, of valine; approximately 3.3 g. alanine and 0.2¢. valine. 
The total yields of monoamino acids are as follows. 


Proline 12.4 ¢. 9.5 % 0.11 mol. 
Alanine DsOrse 43.,, O.0Ge 5; 
Valine 8.0 55 6.5 ., O07 ss. 


This molecular sum 0.24 is approximately half of arginine 
mol 0.56 or 96.9 2. calculated from the results of Experiment I. 


Expervment III. 


Another sample of mugiline 8 sulphate, corresponding to 
45 ¢. moisture and H.SO,z free protamine, was hydrolysed with 
25 % HeSO.s for 20 hours in an oil bath. The hydrolysate was 
investigated in the same way as in Experiment II and 0.19 ¢. 
of valine anhydride was recovered. It showed no ninhydrin test 
but a faintly positive Sasaki’s reaction. It decomposed at 298°. 


Caleulated for Cy)H 3N202 N 14.14 
found +7 L423 


Experiment IV. 


About 0.3g. of l-valine, dissolved in 30ml. of 25 % sul- 
phuric acid, was boiled for 20 hours in an oil bath. Two specimens 
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from the solution were taken before and after boiling, and the 
total N and amino-N were determined. The results were as 
follows. 


Nitrogen : Ratio 
cane ] 7 Amino-N : Total-N 
amino total 
Before boiling 0.9672 mg. 1.1048 mg. 87.55 Yo 
after boiling 0.9828 ,, AROOU Sass 90.02 ,, 
SUMMARY. 


Mugiline 8 was hydrolysed with H,SO,4 and 9.5 % proline, 
4.3 % alanine, and 6.5 % of valine were obtained. It contained 
no other basic amino acid than arginine, which amounted to 73.98 
%. This was calculated from arginine flavianate which was 
estimated in a small portion of the sample. 

The molecular proportion of arginine and other monoamino 
acids is approximately 2:1, so that it can be expressed aM as © 
asserted by A. Kossel, denoting arginine and monoamino acid 
as a and m respectively. 

In addition, a small amount of valine anhydride was isolated 
from the hydrolysate, showing that a part of valine probably 


forms a dipeptide of valine: valylvaline in the molecule of 
mugiline £. 
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NEW-BORN INFANT. III.* 


On the renal function,with special reference to the excretion 
of indigo-carmine and phenolsulphonephthalein. 


By 


TADASHI SHOJI. 
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In earlier reports, Watanabe and Shoji, (1935) and Shoji, 
(1936) investigated changes in the distribution of urinary nitro- 
gen, the excretion of urinary mineral salts, and acid-base equi- 
librium in the new-born infant. Their results showed that in 
the earliest period of life metabolism was largely dependent on 
the breakdown of the body proteins, relative hunger and incom- 
plete functional activities of the liver and kidneys. 

Hitherto, the functions of these two organs, the liver and 
kidney, in the new-born have been examined in relation to 
jaundice and presumed to be either incomplete or deficient by 
urine and blood examinations. The methods, employed at that 
time cannot be considered today as either satisfactory or accurate. 

It has generally been recognized that the tests for urobilin 
and bilirubin are negative in the urine of the new-born, despite 
the well-marked jaundice, and some of the investigators, (Gilbert, 
1900-1913 ete.) have presumed that the absence of bilirubin in 
the urine is due to renal dysfunction. Ylppoe (1913) on the 
other hand, conducted a bilirubin loading test on young and 
mature dogs and found that the former could excrete relatively 
large amounts of this substance in the urine. He therefore, 
presumed that the renal function in the new-born was not in- 


* First and second Report: Jika Zasshi, No. 433, 868. 434, 990, (1936). 
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complete. Nagatake (1932) also examined the fate of phenol- 
sulphonephthalein in the blood stream of young and mature 
rabbits and found that it was removed more quickly in the younger 
animals. In this work no quantitative estimations of it in the 
“urine were made, and the animals used were also not younger 
than thirty days from birth. There are, in addition to these, 
other reports on renal dysfunction in the new-born, as being due 
to the relatively poor excretion of urine, to the frequent presence 
of proteins and epithelial plugs, or of uric acid-infarcts in the 
kidney. However, in subjects under thirty days there has been 
no positive attempts to determine the real state of affairs actually 
existing by resorting to loading tests with foreign materials as 
it has been done in fully mature subjects. Accordingly an attempt 
was made to observe the changes in the excretory function of 
the kidneys shortly after birth by testing their power to excrete 
foreign bodies when introduced into the body. 

As experimental material young dogs were used and the 
results showed that shortly after birth the power to excrete 
indigo-carmine and phenolsulphonephthalein was poor. As days 
elapsed however, there was definite improvement and at about the 
fourth or fifth weeks the excretory condition resembled that seen 
in adults. 

(The experiments in hepatic function will be reported in the 
succeeding paper, Report IV). 


EXPERIMENTAL MATERIALS AND Mrtrnops or Srtupy. 


The young dogs used were all carefully checked as to the 
actual number of days of age, all being puppies in the suckling 
stage. Their general characteristics have already been described 
in Report II so that they will not be repeated. 

In collecting urine from these young animals the use of a 
catheter is impossible owing to the small diameter of the urethra. 
Hence, when frequent specimens are required it is necessary to 
make an artificial fistula, but this is better avoided if possible. 
Fortunately, in these young animals the bladder is situated between 
the umbilicus and the pubie bones, immediately below the ab- 
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dominal muscles, so that when required, the urine can be aspirated 
with a syringe by puncturing in either of the mammary lines. 
The use of an anaesthetic is unnecessary and the method is to 
be recommended where one or two collections are needed. The 
details of the actual procedure used are given under the separate 
sections of the work. 

Experiment 1. Tests with indigo-carmine. 

Indigo-carmine is excreted chiefly by the kidneys. It does 
not form a leuco-derivative, so that in surgery it has been widely 
used in the examination of diseased kidney function. However, 
it is not infallible and because of its variability, is not being 
extensively used today in the tests for the total renal function. 
Accordingly the tests with this dye have been limited to only a 
few cases. 

A four per cent solution of the dye in normal saline was 
prepared and 1ml. of this was injected intravenously into three 
puppies, each aged thirty days. Within three minutes the urine 
was faintly coloured. The colour increased at the end of four 
minutes and by the end of the fifth minute the colour was a 
deep blue. The skin pigmentation disappeared within two or 
three hours. 

When animals were examined on the day after birth, in all 
three of them, when a dose of 0.5 ml. was given, the dye appeared 
in the urine within four or five minutes but the deepening of 
the colour was not so rapid and the dye could still be seen in 
the skin and oral mucous membrane the following day. The 
results definitely pointed to the poorer excretory power of the 
younger animals. 

Experiment 2. Tests with phenolsulphonephthalein. 

Phenolsulphonephthalein is excreted chiefly by the kidney 
tubules. It is a good indicator of the total renal function and 
as such, has been widely used in functional tests on the kidneys. 
It has been reported that when a 0.6 per cent solution of the 
dye is injected into the gluteal muscles of a healthy human adult, 
the dye appears in the urine within five to ten minutes, and 
that in the first hour 35 to 60%, and in the second hour a 
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further 15 to 25 % is passed into the urine. Thus, within two 
hours after introduction of the dye, 50% to 85 % of the total 
is recovered and by the fifth hour or by the sixth hour at the 
latest, all the dye will have been removed from the body. With 
a diseased kidney the excretion is not so rapid and the percentages 
are lower. 

In the present work a dose of 2ml. of a 0.012 % solution 
of the dye per kg. body weight was injected into the jugular 
vein. As a standard for comparative colorimetry, 1 to 2 ml. of 
a 0.006 % solution of the dye made alkaline with 25 % sodium 
hydroxide solution, was diluted with the urine from healthy 
puppies of the same age as those in the experiment. This was 
rendered necessary because the urine in these young animals was 
decidedly yellow, like that in the human infant. This colour is 
probably due to excess of urochrome. 

In some of the animals the urine was collected from the 
bladder two to five hours after the introduction of the dye, by 
aspirating with a syringe according to the method already des-_ 
eribed. The samples were analysed for their phenolsulphone- 
phthalein content by first making them alkaline with 25 % NaOH 
solution and comparing the colour with the standard. 

In others, an urinary fistula was made under anaesthesia, and 
five to six hours later the dye was introduced and the time of 
the first appearance of the dye was noted. The amount excreted 
at the fixed times was also noted and estimated. By this method 
the excretion tended on the whole to be poorer but the differences 
were too slight for it to be considered separately from the 
previous method. 

An attempt was next made to increase the total volume of 
urine excreted by introducing abont 20 ml. of physiological saline 
solution subcutaneously or into the stomach by means of a 
Nelaton’s catheter, and to collect the urine at repeated short 
intervals. The attempt failed however, especially in younger 
puppies, due to the extremely poor excretion of urine and dye. 
In these cases attention was paid to the first appearance of the 
dye and to the percentage amounts excreted within the second 
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and fifth hours. After the fifth hour the dye was still excreted 
in all cases but the amounts became less with the age of the 
animals. 


RESULTS. 
1. Ammals in the first week of life. (See Table I). 


The earliest time of appearance of the dye was twelve minutes 
and the latest fourty minutes. In both cases the appearance was 


markedly delayed. 
TABLE 1. 


Phenolsulphonephthalein (1) 


Days | Body Aenounbe | Agpeared Amount excreted a percentages, 
after weight in |injected in iti, | | 4 ae 
birth SINUS mgms. minutes. | 2nd hour 5th hour | 40.0. 

1 125 0.030 17.91 | 

eo ik” igs 0.042 | 19.56 | 

1 292 0.072 | 23.2 

1 310 0.072 90). 15.50 | 28.84 + 

1 322 0.078 39 | ier | 1644 i 

1 335 0.084 21.76 | 

1 335 0.084 | 3949 

1 340 0.084 | «17.26 

1 350 0.084 40. | 12.96 | _ 20.53 + 

x 360 0.084 | 19.04 

2 345 0.084 to t8.54 * || 

2 360 0.084 17.73 

2 365 0.084. | 17.19 

2 365 0.084 | 37.32 | 

2 370 0.084 | 43.01 | 

2 385 0.084. 47.12 

3 226 0.060 28.55 

6 377 0.090 a | iat | 86.43 + 

6 410 0.096 19 «=| ~Ss«88.94 47.73 + 

6 412 0.096 i ee ey ah 

6 527 0.132 12 30:78 | 52.68 + 

Average 18.43 32.03 
* 


(+) positive, (-—) weakly positive. 
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The percentages excreted by the end of the second hour were 
a minimum of 11.27% and a maximum of 30.73 % with an 
average of 18.43%. These too, were noticeably poor. The 
figures at the end of the fifth hour were equally low and less 
than that excreted by older animals. 


2. Animals in the second to third weeks of life (See Table 11). 


Even with these animals, though in two eases aged 21 days, 
the dye could be demonstrated in the seventh and nineth minutes, 
there was one which required twenty minutes, so that the excretion 
eould not be considered good. The total amount, of the dye 
excreted in two hours was minimum: 22.66 %, maximum: 51.63 
%, with an average of 35.81 %. In five hours from 46.35 % to 
71.14 %, averaging 57.34 % were excreted. 


TABLE II. 


Phenolsulphonephthalein (2) 


_« 


ies ody RGnoUne TN peate} Amount excreted in percent. 
after weight | exereted after S 
birth grams. mgms. | minutes Ist 2nd Sth | after 5 
hour hour hour hours. 
14 357) 0.084 36.82 60.09 
14 397 0.096 28.76 49.59 
14 5dd 0.132 14 28.97 
14 640 = 0.156 22 30.38 
14 970 0.228 34.80 52.57 
14 1080 0.240 40.78 59.41 
15 700 0.168 22.66 46.37 + 
15 700 0.168 26.03 49.14 = 
15 780 0.192 48.39 79.67 + 
21 1000 0.240 te 18.54 32.79 53.80 a 
21 1050 0.252 20 15.53 31.24 46.35 a6 
21 1140 0.264 9 25.16 41.20 79.22 ae 
PAL 1390 0.312 71.63 71.14 
21 1400 0.336 46.89 69.68 
Average 19.74 35.81 57.34 
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3. Animals in the fourth to fifth wecks of life.(See Table III). 

With these animals the dye could be demonstrated in the 
majority of cases as early as the sixth and seventh minutes and 
showed a decided improvement on the previous two sets of younger 
animals. The lowest percentage excreted by the end of the second 
hour was 38.99 % and the highest 68.14 % with an average of 
53.00 %, so that the figures approximated those for healthy 
human adults. The amounts excreted by the end of the fifth 
hour were also high as shown in the table. 


TaBpEE ITs 
Phenolsulphonephthalein (3) 

Days Body | Amount APS Amount excreted in percentages. 
after | weight |injected = iS 
Be ‘ “ after : Ist 2nd 5th | after 5 
Dt ee minutes|?9 Min.) pour hour hour | hours. 

28 656 0.156 51.40 62.93 

28 835 0.204 Sale 65.06 

30 565 0.132 14 21.11 38.99 62.32 4P 

30 615 0.144 6 26.77 43.16 64.30 ae 

30 1780 0.432 oi A271. 68.14 81.71 ate 

34 1000 0.240 51.10 59.29 

34 1100 0.264 | 53.51 69.75 

34 1130 0.264 60.55 59.03 

35 860 0.204 

35 950 0.228 Ti 46.30 

35 1020 0.240 50.14 56.86 

35 1050 0.240 48.46 56.16 

36 1700 0.420 7 38.02 50.64 62.44 

36 1850 0.420 i 32.61 47.11 56.68 

Average 35.32 37.67 53.00 63.34 
SUMMARY. 


From the foregoing it will be seen that the excretory function 
in the animals at the fourth to the fifth weeks of hfe approxi- 
mated that in the full-grown adult, both as regards the first 
appearance of the dyes in the urine and the percentage excreted 
in the second and the fifth hours. Animals slightly younger, 
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that is, those in the second and third weeks showed that they 
were still below the normal in their excretory function. Animals 
younger than these, in the first week after birth, were still more 
handicapped. (See Chart I and II). In regard to the times 
necessary for excreting 50 % of the total dye introduced, those 
animals in the fourth to fifth weeks required only 2 hours; 
those in the second to third weeks, five hours; while those in 
the first week required more than five hours. 


Chart I. Percentages of Chart II. Percentages of 
phenolsulphonephthalein phenolsulphonephthalein 
excreted in first 2 hours. excreted in 5 hours. 
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CONCLUSION. 

From the results of these tests on the renal function with 
the two dyes, indigo-carmine and phenolsulphonephthalein, it is 
evident that the kidneys of puppies, shortly after birth, had not 
attained their fully excretory function. However, this function 
improved with the age of the animals until the period of about 
the fourth or fifth week of life at which time the eondition was 
approximately that of the mature adult. 
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I. INTRODUCTION. 


To date, there has not been any single satisfactory method 
of investigation of the total functions of the liver. This is pro- 
bably due not merely to the diverse functional activities of this 
organ but to its intimate relationship to the activities of other 
systems. Accordingly, varied methods of investigating these 
functions have to be devised when different objects are in view. 

On going through the literature on the functional tests of 
the liver in the new-born infant, only a few experiments on sugar 
metabolism by means of loading tests ate found, viz. that of He- 
ynemann (1914), Duzar and Hensch (1914), Styrikowitsch 
(1927), Naito (1931), Winter (1933). These were conducted 
however, over short periods of time and no attempt was made 
to study the changes in the functional activity that accompany 
the growth of the animals. Comparison of the abilities of the 
reticulo-endothelial system in absorbing congo red in the young 
and fully mature rabbits has been made by Ide(1930), Hamada 
(1930), Nagatake (1932), Miyoshi (1936). The condition has 
however, not been investigated in animals from birth to their 
thirtieth day of life. Linzenmeier (1922) reported that 


* The gist of this report was communicated at the 31st Annual Meeting 
of the Formosa Medical Association, November, 1936. 


533 


534 De shoji: 


Widal’s “Crise hemoclasique ’’ test is positive in new-born in- 
fants and Akiyama (1924) showed the presence of alimentary 
leucopenia. However, opinion is divided as to whether these 
conditions are due to liver dysfunction or vagotonia. The hepatic 
function in the new-born has been the subject of further inves- 
tigation in connection with jaundice and considered as incom- 
plete or immature by one or two examinations of meconium, 
urine and blood; viz. Bassi and Chauffard (1888), Minkow- 
ski (1886), Simon (1911), Nakamura (19386). 

Kondo (1926) examined the changes in the amount of blood 
bilirubin and lipase after birth in dogs and advocated that the 
jaundice of new-born infants was unrelated to incomplete hepatic 
function. 

In the experiments to be reported in this paper and in 
succeeding ones, attempts have been made to investigate the 
functions of the liver in young dogs by means of loading tests. 
The methods which have been chosen, seemed to have afforded 
the only means of investigating fully the various functional con- 
dition of the liver. | 

The tests with azorubine S, congo red and sodium santonate 
showed that the function of the liver in absorbing and excreting 
foreign substances, and in the case of sodium santonate of 
bringing about a chemical change, was noticeably poor in dogs of 
1—2 to 5—6 days old. An improvement was seen in older dogs 
of from 10—20 days old, while in those one month old, the 
funetion practically attained the state found in mature adults. 


Il. EXPERIMENTAL. 


Experiment 1. On the excretion of azorubine S in the urine. 

A. According to Tada and Nakashima (1923), in healthy 
adults this dye is excreted mainly into the bile and only about 
4% finds its way into the urine. However, with a dysfunction 
of the liver, the opposite is observed, and the kidneys excrete 
a large portion of the dye so that this test has been recom- 
mended as of definite value in clinical practice. Since then, 
Kimura(1926), Akiyama(1926), Gen andKin(1930), Chinen 
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(1931), Nakagawa and Mitani (1933), have found that an 
increase in the renal excretion of this dye was indicative of 
the extent of the pathological changes in the liver. Fenster- 
mann (1926) believes this method to be superior to any that 
has hitherto been used. 

In the present work an attempt has been made to estimate 
indirectly the hepatic function in young dogs by the introduc- 
tion of azorubine S and noting the amounts excreted in the 
urine. Consideration was paid to the fact that if the renal 
function was poorer than that of the liver, the results would 
fall short of that expected. 

B. Preliminary experiment. A dose of 1 % solution of the 
dye in normal saline per kg. bodyweight was injected into the 
jugular vein of 2 young dogs, aged 33 days, and the time re- 
quired for the complete excretion of the dye in the urine noted. 
The results as indicated in Table I, showed that within 1 to 2 
hours, the major portion of the dye that should be excreted 
with the urine passed through the kidneys, so that the amount 
excreted after that time was extremely small. 


TABLE I, 
Azorubine S (1) 


Amount excreted 
Body Amount nie Su Amount exereted 
Exp. | weight in injected (at separate hours) in the first 2 
grams in mgms. i 9 | 3 ji hours (%) 
No. 1 1160 23 2.45 | 0.85 | 0.14 | 0.00 2.80 
No. 2 850 a7, 1.14 | 0.89 | 0.41 | 0.25 2.03 


Accordingly, the method of estimating the quantities of dye 
excreted in the urine in the first two hours, or in some cases 
the first four hours, was resorted to. By this method it was 
not only possible to have an idea of the total dye excreted but 
the necessity of frequent collections with accompanying discom- 
fort to the animals was avoided. The collected urine was then 
estimated for its dye content by the method of Tada (1923) 
against a standard solution. The standard was prepared from 
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the urine of normal animals of the 
same age as those used in the ex- 
periment. 

C. Results. The results as 
indicated in Chart 1 and Table IT 
showed that the animals aged 1 to 
3 days after birth passed more than 
3.5 % of the dye in the first two 
hours. With older animals, from 
5 to 6 days, in a few cases there 
were indications of a drop in the 
percentage excreted. In animals 
aged 9 to 10 days, in more than 
half of the cases the percentage 
excreted was less than 3.5 %. With 
still older animals, aged 18— 25 days, 
or 30—48 days, nearly all of them 
showed a lower output than 3.5 %. 
The amounts excreted in the second 
similar tendencies in the few cases 


——+5 Amount excreted, (eh) 


as alo 20 30 
eat Days ofa birek 


Chart 1 Azorubine 8S. 


to the fourth hours showed 
examined. 


TABLE DI. 
Azorubine 8, (2) 

Days after Body weight |Amount injected Se eee Me 

birth in grams. in mgms. 

0-2nd hour. 2-4th hour. 
a) 275 3.0 3.65 

al 320 6.5 6,84 0.21 
il 3805 7.0 4.58 0.19 
al 359 7.0 — 0.15 
al 382 7.5 4 82 0.43 
1 385 Teo 6.17 123 
2 260 5.0 itary 0.13 
0; 327 6.5 WA 2 1.42 
2 380 Wo 8.25 23 
2 892 8.0 5.13 0.36 


D. Discussion. 


The method employed contrary to the test with sodiwm 
santonate depends upon the healthy functional activity of the 
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; Amount excreted in 
Days after Body weight /|Amount injected percentages. 
birth in grams. in mgms. : 
y 0-2nd hour, 2-4th hour. 

3 270 5.5 5.04 
S 277 5) Dee 
x 325 6.5 5.43 
3 330 6.5 3.59 
3 342 7.0 4.88 
3 350 7.0 9.20 
3 385 1.5 8.97 
3 397 8.0 7.32 
S 410 8.0 HS 
3 420 8.5 4.47 

Average 6.61 0.59 
5 367 7.0 3.56 
5 370 7.0 3.06 
5 414 | 8.0 4.53 
5 470 | 9.5 3.33 
6 295 6.0 4.56 
6 349 | 71 12.30 
6 377 | 75 8.37 
6 407 8.0 3.74 
6 420 8.5 2.24 
6 442 9.0 4.89 
6 472 9.5 4.75 
6 475 9.5 8.37 
6 482 9.5 Batids 
6 515 10.0 3a 
Average 5.06 
9 295 6.0 1.68 
9 320 6.5 0.69 
9 360 7.0 3.38 
9 400 8.0 ATS 
9 405 8.0 2.82 
9 425 8.5 1.44 
9 432 8.5 1.74 
9 492 10.0 3.81 
9 520 10.0 3.56 
10 367 7.0 7.62 
10 405 8.0 2.10 
10 467 9.0 4.20 
10 470 9.5 4.50 
10 480 9.5 2.58 
10 522 10.0 9.50 

10 572 a irs) 3.41 0.58 
10 585 11.5 : 4.35 
10 620 12.5 7.26 

10 760 15.0 2.42 0.67 
Average 3.62 
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Amount excreted in 
Days after Body weight |Amount injected percentages 
ir in or ] oO e 
birth in grams. in magms Ont Gone oly Tae 
18 485 9.5 3.96 
18 560 11.0 4.95 
18 740 15.0 3:08 
18 750 15.0 5.93 
20 470 9.5 0.36 
20 550 11.0 4.61 
2 560 11.0 2.09 0.16 
20 590 12.0 4.22 0.07 
20 600 12.0 3.26 
20 605 12.0 1.34 0.24 
20 610 12.0 TS 0.51 
20 619 12. 2.24 0.46 
20 630 13.0 2.78 0.13 
20 650 13.0 3.54 
20 650 13.0 4.26 
2 650 13.0 2.36 0.25 
2 880 18.0 4.28 
22, 950 20.0 1.43 
22 1000 20.0 1.74 
23 1000 20.0 SPs 
23 1000 20.0 1.61 
25 627 13.0 3.56 
25 650 13.0 123 
25 790 16.0 2.36 
Average 2.89 0.26 
30 610 12.0 2.00 
30 615 12.0 1.61 
30 650 13.0 1.97 
30 700 14.0 1.19 
30 700 14.0 2.49 0.10 
30 900 18.0 1.97 0.04 
30 950 19.0 8.35 0.06 
30 960 20.0 4.74 0.09 
30 1000 20.0 5.63 0.06 
30 1020 20.0 4.74. 0.09 
30 1030 20.0 4.59 0.09 
30 1100 22.0 0.45 ( 
30 1330 26.5 1.32 
30 1650 33.0 1.91 
33 850 17.0 2.03 
33 1160 23.0 2.79 
43 1180 2350 3.20 
Average 2.70 0.07 


kidneys. In Report III it was shown that the renal function 
in young dogs, was in a poorly developed state in the very young 
animals, but in spite of this, the present results showed that 
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the percentages of azorubine S excreted in the urine by animals 
of five to six days old, were in the majority of cases more than 
3.5 %, while older animals of ten days or more showed figures 
of less than 3.5 %. From this it seems clear that in these young 
animals there exists a corresponding dysfunction of the liver. 
If the kidneys were functioning normally, it is probable that 
ereater differences in the percentages renally excreted might be 
obtained. 

Experiment II. On the retention of congo red in serum. 

A. When congo red is injected into the blood it is taken 
up quickly by the lining endothelial cells. Most of the dye is 
then passed into the bile and only a small portion of it finds 
its way into the urine. Adler and Reimann (1925) showed 
that since the dye is taken up by the reticulo-endothelial system, 
the dye was a good test material for investigating the general 
functional activities of this system. Since then the dye has been 
extensively used in both clinical and laboratory investigations. 
Other investigators, Ide (1930), Miyoshi (1936), et al. recog- 
nized the congo red method of Adler and Reimann, but others 
Schellong (1928), Ninomiya (1928) and Takede (1980), 
denied the value of this method, as the excretion of this dye 
depends also to a large extent on the relative functional activity 
of the liver cells. 

In the present work the dye was used solely for testing the 
functional activity of the liver, as the kidneys were not connected 
with its excretion. It was hoped that an idea of the functions 
of the reticulo-endothothelial system in the period immediately 
after birth could also be gained from these experiments. 

B. Only young dogs of proven age record were used. 
Before the experiment these puppies were isolated from their 
mothers for 6 to 63 hours. Two ml. of a1 % solution in 
normal saline per kg. of bodyweight were used. The dye solu- 
tion was injected into the jugular vein and at the fourth and 
sixtieth minutes after introduction of the dye blood, was temoved 
from the opposite jugular vein. The serum was then collected 
by centrifugalization and diluted 5-6 to 10 times with normal 
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saline. The amount of congo red in a definite volume was then 
estimated by comparing the color with a standard. 

C. Experimental Results. 

(a). Change in ratio. Adler and Reimann worked out 
a system of indices by setting the amount of congo red contained 
in the serum collected at the 4th minute as standard. This can 
be done satisfactorily in man (Griesbach (1921) and others) but 
its use in the small laboratory animals especially in rabbits, has 
been criticised by Muta (1931), and Shinagawa (1982). 

Accordingly no serious consideration was paid to the indices 
worked out. The indices were obtained however, by the methods 
hitherto used and the results are tabulated in table III. 

With dogs aged 1 to 2 days the congo red index was’ in 
the majority of cases 40-50 %. With older animals (30 days 
after birth) the index was less than 30 % so that the differences 


TABLE III. 
Congo red. 
Days Body Amount Amount remaining in mg % 
after weight in injected Congorred 
birth grams. in mgms. 4th min. 60th min. Wks 
i] 302 6 9.265 4.719 50.93 
if 340 7 8.828 3.741 42.38 
1 350 7 7.384 3.031 41.05 
i 372 a 6.693 3.322 49.63 
1 395 8 6.316 3.228 51.11 
1 410 8 a! 2,225 30.69 
2 337 i 5.502 2.831 51.45 
2 362 7 5.457 2.957 54.19 
2 370 7 9.972 4.082 40.93 
2 370 fi 8.716 4.291 49.23 
2 390 8 8.240 | 4.204 51.02 
2 392 if 5.531 2.703 48.87 
Average 7.429 3.444 46.79 
SS 185 5 7.812 2.888 36.97 
5 225 7 6.101 2.684 43.99 
5 410 8 5.605 2.228 39.75 
5 460 9 5.030 2.389 47.50 
6 460 9 6.944 1.825 26.28 
6 475 9 5.922 1.398 23.61 
6 495 10 5.650 2.847 41.54 
Average 6.152 2.251 37.09 
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Days Body Amount Amount remaining in mg % . 

after weight in |, injected : Congo red 
birth grams. | inmgms. | 4th min. 60th min. pabers 
10 522 10 4.202 2.002 47.64 
10 562 ai | 3.749 | 1.593 42.49 
10 635 13 3.423 1.142 33.39 
10 675 13 3.578 1.459 40.78 
11 535 At 4.010 1.079 7 26:91 
11 575 12 6.083 0.947 15.57 
nba E a7T7 12 4.426 1.074 24.27 
11 577 12 4.945 1.151 23.28 
11 612 13 3.663 1.408 38.44 
WL 645 13 3.391 1.069 31.52 
ay: 650 13 1.7227 0.458 26.60 
Average 3.926 1.216 29.48 
19 587 12 2.941 1.126 38.29 
19 670 13 3.385 1.105 32.64 
20 420 8 2.480 1.004 40.48 
20 437 9 3.020 1.077 35.66 
20 1200 24 1.614 0.321 19.89 
20 1280 26 2.183 0.466 21.385 
Average 2.604 0.850 31.38 
27 615 12 2.737 0.673 24,59 
27 690 14 2.360 0.546 | 23.08 
27 800 16 2.756 0.510 18.51 
29 860 Aly 2.636 0.816 30.96 
29 930 19 2.339 0.695 29.71 
30 910 18 | 2.048 0.820 40.04 
30 920 18 | 2.511 0.663 26.40 
30 1140 23 1.884 0.487 25.85 
30 1550 Bil 1.405 0.331 23.56 
31 1350 27 1.118 0.120 10.73 
Sul 1420 28 1.230 0.192 15.61 
Average 2.093 9.532 24.45 
60 3600 50 0.800 0.125 15.63 
60 4000 50 0.546 0.106 19.41 


were well marked. The indices for animals of 5,10, or 20 days 
old lie almost between these figures. See Chart 2. 

(b). Changes in concentration of the dye wm sera at the 
fourth minute. 

As indicated in Chart 3 the concentration of congo red at 
the fourth minute after injection of the dye was 5.5 mg. % 
to 10.0 mg. %. The average was 7.43 mg. % for animals of 1 
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Chart 2. Chart 3. 
Congo red index. Concentration of Congo red 
at the 4th min. 


ALD 


to 2 days old; that for animals 
5 to 6 days was 5.0 mg. % to 
7.8meg. %, with an average of 
6.15 me. % so that in both cases 
very high figures were shown. 
In those aged 10 days, the figures 
showed a minimum of 1.72 mg. %, a maximum of 6.1 mg. % with 
an average of 3.93mg. %. With animals 20 days old, the figures 
were 16mg. %, and 3.4mg. %, with an average of 2.6mg. %. 
For those thirty days old the figures were still lower with a 
minimum of 1.1mg. %, a maximum of 2.8 mg. % and an average 
of 2.09 mg. %. Thus it is clear that the figures showed a gradual 
decline. 

(c). Changes in the concentration of dye in the sera at 
the sixtieth minute. 


—— > Concrstration of Dye An 


iL Ey AUG) 20 30 
Sa afte hunth 


As in the previous results the 
concentration of the dye in dogs 1 to 
2 days old was very high and it 
gradually decreased with the age of 
the animals. See Chart 4. However, 
contrary to the previous results where 
the figures for animals of from 1—2 
days to 5—6 days were noticeably chart 4, Concentration of 
higher than for animals 10 days old, Congo red at the 60th min. 
at the sixtieth minute those for animals 5—6 days old already 
showed a decline when compared with those 1—2 days old. 

From the fact that the absorption of dye by these animals 


% dye am AA, 


—— Concentration 


eee af tr Ainth 
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in the 5—6 days of life is still in a poor condition especially in 
the early stages of introduction of the dye (4th minute) but 
that the ability improves in the later stages (60th minute), both 
the absorptive or retentive and excretory function in these ani- 
mals were delayed. With the groups of older animals the re- 
sults for the 4th and 60th minutes ran more or less parallel, 
and showed a tendency for the absorption of dye to improve 
with the age of the animals. 

Experiment III, Tests with santonin dyes. 

A. When santonin is administered orally or its pant salt 
is introduced parentally, its conversion or decomposition product 
is excreted in the urine and in the alimentary canal. Its pre- 
sence can readily be detected by the appearance of a red colour 
with alkali. This substance will be called “ santonin-dye ’’ for 
the sake of convenience. 

Ishikawa (1926) and Katoh (1928) decided that this sub- 
stance is the result of a chemical change brought about in the 
santonin by the liver. Hence, by investigating the time of the 
appearance of the dye in the urine it is possible to estimate 
the function of the liver. Ono, Yoshida and Yashiro (1928) 
and Shimomura (1931) confirmed the superiority of this method 
as a test of liver function. 

The advantages of this test lie in (1) that when the liver 
is in a diseased state or when the liver cells are damaged by 
the so-called ‘liver-toxins’’, or when the reticulo-endothelial 
system is completely blocked the appearance of this dye in the 
urine is hindered, (2) when 1ml. of a 10% solution of sodiwm 
santonate is injected intravenously in man the dye appears in 
the urine as early as the 6—9th minutes, in rabbits by the 18— 
23rd minutes, and in dogs by the 15—20th minutes (intramus- 
cular), and the exeretion of the dye seems to be unaffected 
by any inflammation of the kidneys, (3) the method of demon- 
strating the dye is simple and merely requires the addition of a 
drop or two of 10 % caustic soda or potash into a small volume 
of urine when the characteristic red color manifests itself. 
Where the amount of dye is small the addition of a little amyl- 
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alcohol followed by shaking will help to manifest its presence. 

The experiments to follow were accordingly undertaken to 
find out the speed with which the santonin dye is produced in 
young dogs, and if the speed is poor, when conditions approxi- 
mate those in the mature adult. The work was of interest not 
merely from a chromodiagnostic view in the investigation of the 
excretory function but it promised to present some idea of the 
biochemical functions of the liver. 

B. Method of experiment and results. 

The material and method of collection of urine were gene- 
rally as in Report III. However, here 20 ml. of normal saline 
was introduced into the stomach by means of a Nelaton’s 
catheter 30—60 minutes before the experiments and in order to 
hold the urine, the tip of the penis in males and the base of 
of the vulva in females were tightly secured with threads. Sodiwm 
santonate was obtained in the form of Drasmin prepared by the 
Shionogi Company and 1ml. of a 5% solution was injected into 
the jugular vein. In the case of animals 1 to 2 days old a 10 
% solution was used, for reason to be given later. 

As a preliminary procedure it was necessary to determine 
the approximate times of the first appearance of the dye in the 
urine in the different sets of animals. This was done by disin- 
fecting the anterior Chart 5. Rate of production 
abdominal wall and of santonin dye. 
aspirating small quan- 
tities of urine (about 
0.5 ml.) at about 3 or 
4 minutes’ intervals. 
No anaesthetics were 


given. The urine was 

treated with 10 % 

caustic potash, amyl- 

alcohol was added and 

the mixture shaken. aes pie oe ae + i a eee 
The results which are indicated in Table IV and Chart 5 

showed that for animals 30 days old the minimum time of ap- 


First appearance of 
dye Gn min.) 
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pearance of the dye in 10 eases was 14 minutes, the maximum 
time 17 minutes and in half the cases 15 minutes. For animals 
40—49 days old, in 6 cases, and for animals a year old, in two 
cases the times were from 10 to 15 minutes and were similar to 
the times for mature adults. (These results show slightly more 
rapid excretion than in Ishikawa’s work, where intramuscular 
injections were employed.) 

For animals 9—10 days old, demonstration of dye in the 
urine could be made as early as the 24th or 25th minutes. There 
was one however which required 38 minutes and in the majority 
of cases it was in the neighbourhood of 30 minutes. For animals 
19— 20 days old the shortest time was 18 minutes and the longest 
28 minutes with an average of 23 minutes, and the figures were 
still higher than for older animals. The intensity of color was 
more marked in these latter animals. ; 

For animals 1—2 days old, the preliminary experiments showed 
that excretion was markedly delayed and the concentration of 
the dyes so low that it was difficult to detect them. Accord- 
ingly, to increase the amount injected, 1 ml. of a 10 % solution 
of Drasmin was introduced and for accelerating the excretion 
10 ml. of water was administered twice into the stomach before 
the experiments. Thirty minutes after the injection of the test 
material 5 or 6 ml. of saline was introduced through the jugular 
vein. In spite of this, the time of appearance of dye in the 
urine was prolonged as much as 45—65 minutes in these animals 
of 1—2 days old and in older ones of 5—6 days old. The con- 
centration of dye was also low and in many cases it was dif- 
ficult to demonstrate on account of the light color. In the Table 
the symbol (+) implies that the intensity of the colour was not 
increased but remained the same as in the preceding sample. 


TasLe IV. 


Santonin dye. 


Body weight in | First appearance 


Days after birth grams. Gain) Degree of reaction 
1y 337 65 sis 
1 250 60 as 
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Days after birth ee en 3h. Be ead Degree of reaction 
1 285 60 oe 
if 255 55 oe 
il} 289 50 neg. 
2 300 60 ats 
2 350 335) neg. 
5 442 63 ate 
5 415 60 aE 
6 580 60 = 
5 470 57 se 
5 405 56 ates 
5) 350 5d cis 
6 360 50 ae 
6 450 45 ae 
6 295 30 neg. 
6 347 3 neg. 
6 370 25 neg. 

Average for positive cases about 57 minutes. 
10 472 38 oe 
9 540 35 ae 
wal 700 35 ta 
10 620 5) oi 
9 582 82 ats 
1: - 410 30 ate 
10 520 30 == 
10 460 30 SF 
9 550 28 se 
9 500 27 a 
10 510 25 4 
10 520 24 + 
9 285 2 neg. 
15 420 15 neg. 
Average for positive cases about 30 minutes. 
il!) 820 28 oe 
20) 640 28 ae 
19 950 27 + 
2 800 26 + 
20 (165 OFS + 
19 840 25 ae 
20 720 25 ae 
19 850 23 + 
20 900 23 4p 
19 610 22 ae 
20 750 22 is 
19 850 20 slic 
19 890 20 ap 
19 820 19 ae 
19 970 19 sts 
19 1000 18 a5 


Average for positive cases about 23 minutes. 


On the Liver Function of New Born Infant. 5AT 


A rT “4 oC € " 4 
Days after birth ce an Saye deans Degree of reaction 

30 | 1100 il a 
30 1650 17 + 
30 700 16 + 
30 | 615 15 Bis 
30 | 880 15 a 
30 | 900 15 =r 
30 | 1330 15 ee 
30 | 1450 15 + 
30 | 610 14 a5 
30 | 650 14 + 
Average for positive cases about 15 minutes. 
40 | 2060 | 12 + 
40 1260 14 + 
40 1100 13 af 
43 | 2750 10 ate 
43 | 1180 12 ae 
49 | 1850 alley ar 

Adult | 12000 11 + 

Adult 10000 201 ae 
Average for positive cases about 12 minutes. 


Note: (+) positive means first appearance of the dye at stated times. 
(neg.) negative. The dye could not be demonstrated at the stated 
times. Further examination was abandoned owing to insuf- 
ficiency of urine. 


Ill. Summary AND CONCLUSION. 


1. The excretion in percentages of azorubine S after its 
injection into the body was more in dogs 1—3 days old when 
compared with older animals of 5—6 days. The figures for 
animals of 9—10 days and 20—30 days were still lower. 

2. After intravenous injections of congo red the amounts 
present in the sera at the 4th minute were very high in animals 
of 1—2 days to 5—6 days old, but showed gradually decreasing 
figures for animals 10, 20 and 30 days old. 

With the 60th minute samples the amounts in these 1—2 
days old puppies were very high, but with the older animals 
the figures decreased proportionately. The ratios also showed 


corresponding changes. 
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3. When sodium santonate was injected into the jugular 
vein of dogs, the santonin dye appeared in the urine of animals 
1—2 days to 5—6 days old at the 50th—60th minutes, in ani- 
mals 10 days old at the 30th minute, in those 20 days old at 
about the 23rd minute, and in animals 30—40 days old at the 
12th to 15th minutes. 

From these results, the functions of the liver and the reti- 
culo-endothelial system in young dogs did not seem to be 
absolutly, but relatively undeveloped. This was most marked 
in the younger animals aged 1—2 days to 5—6 days but the 
condition improved slowly with the lapse of days (10—20) and 
in animals 30 days old, practically full function was attained. 
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SYNTHESE DER »-METHYLAMINO-$-OXY-BUTTER- 
SAURE UND »-METHYLGUANIDO-/-OXY- 
BUTTERSAURE. 


Von 


TOSHINORI ISEKI. 


(dus dem physiologisch-chemischen Institut der Universitit 
zu Tathoku. Vorstand: Prof. M. Tomita.) 


(Eingegangen am 7. April 1937) 


Hinsichtheh der Herkunft des Kreatins resp. Kreatinins 
sind fast alle Méeglichkeiten gedacht und von verschiedenen 
Seiten experimentell untersucht. Unter anderen haben K. 
Thomas und seine Mitarbeiter (1918-1922) als die mit dem 
Kreatin im engsten Zusammenhang stehende Substanz Methylar- 
ginin und die Methyleuanidylséuren mit gerader Anzahl von 
C-Atomen, wie y-Methylguanidobuttersdure und e-Methylguanido- 
capronsaure, synthetisiert und ausfiihrliche Fitterungsversuche 
dieser Verbindungen mit Kaninchen angestellt. Es ist trotzdem 
nicht gelungen, festzustellen, dass das Kreatin aus diesen Ver- 
bindungen entsteht. 

Als eine bisher nicht beriicksichtigte denkbare Moghchkeit 
der Kreatinbildung kann nun die y-Amino-f-oxy-buttersaiure in 
Frage kommen. Bei dieser Aminosiure ist genau dieselbe Nach- 
barstellung der Amino- und Hydroxylgruppe vorhanden, wie 
beim Adrenalin und Cholin. Die N-Methylierung dieser Atom- 
eruppierung kann vielleicht im lebenden Organismus leichter 
moeglich sein. 

Es wiirde somit durch Methylierung aus y-Amino-/-oxy- 
buttersiure y-Methylamino-f-oxy-buttersiiure entstehen. Dann 
wird die NH-Gruppe mit einer Guanido-gruppe substituiert—sie 
kann natiirlich auch vorausgehen—und schliesslich folgt Oxyda- 
tion am $-Kohlenstoffatom. 

Zwecks Erklirung dieser Vermutung habe ich als Material 
der Fiitterungsversuche y-Methylamino-/-oxy-buttersdure und y- 
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Methylguanido-f-oxy-buttersiure synthetisch dargestellt. 

Beide Verbindungen sind bisher noch unbekannt, ich habe 
sie tiber die Naphthalinsulfoverbindung der y-Amino-/-oxy-but- 
tersdure hergestellt. Durch HKinfiihrung einer Sulfosiure in die 
endstindige Aminogruppe, die Methyherung der Sulfamidgruppe 
und nachfolgende Abspaltung musste ich zu y-Methylamino-/- 
oxy-buttersiure (IV) gelangen. Gelang die Kondensation dieser 
Saure mit Cyanamid, so musste sich die y-Methylguanido-f-oxy- 
buttersiure (V) synthetisch auf eindeutigem Wege bereiten las- 
sen. Meine Erwartungen wurden erfillt. Den Wee der Syn- 
these kennzeichnet die nachstehende Formelreihe. 


ge CH.-NH-S0.-C,.H, CH.-N-S0.-C,)H, 
CH-OH CH-OH | CH, 
| ees Soe | —_; CH-OF eens 
CH, CH, 
CH, 
COOH COOH 
COOTL 
I Il Tae 
H2Nv 
C=NEH 
CH,-NH-CH, CH,-N” 
| | 
CH-OH — CH, 
| CH-OH 
CH, 
| CH, 
COOH | 
COOH 
IV Wr 
VERSUCHSTEIL. 


I. B-Naphthalinsulfonyl-y-methylamino-f-oxy-buttersiiure (IIL) 
CioH7-SO2-N (CH) -C H2-C H (OH) -CH».-COOH. 


Die Methylierung erfolgt quantitativ mit Dimethylsulfat in 
natronalkalischer Lésung. 6,0¢ 6-Naphthalinsulfonyl-y-amino-f- 
oxy-butterséure, die nach einem von Fukagawa (1935) aus- 
gearbeiteten Verfahren leicht herzustellen ist, werden in 10cem 
5 n-Natronlauge gelést, und mit 3,8¢ Dimethylsulfat 3 Stunden 
auf der Maschine kraftig geschiittelt, dann auf dem Wasserbade 
2% Stunden erwirmt. Nach dem Abkiihlen wird das Reaktions- 
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produkt mit tiberschiissiger Salzsiure ausgefillt, es erstarrt nach 
einigen Wochen im Hisschrank. Die erstarrte Masse wird in 
starker Kaliumearbonatlosung aufgenommen, mit Salzsiure wieder 
gefallt und im Hisschrank stehen gelassen. Nach einigen Tagen 
wird abgesaugt und mit Hiswasser ausgewaschen. <Ausbeute 
6,0¢—96%. Aus alkoholhaltigem Wasser krystallisiert die Ver- 
bindung vollstandig in schénen Tafeln oder Blattchen aus, die 
bei 138-139° schmelzen. 


0,0727 g Substanz verbrauchen 2,25 ccm n/10-H,SQ,. 


0,0486 ¢ = gaben 0,0992 g COz und 0,0223 g H.0. 
0,0506 ¢ a Cs 0,1028 g CO, und 0,0232 ¢ H.0. 
Fiir C,,H,,0O;NS. Ber.: C 55,70% TL 5,30% N 4,33%. 
Gef.: 55,66 5,45 4,33 
55,40 9,12 


Sie ist leicht léslich in heissem Wasser, sehr leicht léslich 
in heissem Alkohol, léslich in heissem Benzol und wenig léslich 
in kaltem Wasser. 


II. y-Methylanino-f-oxy-buttersiure (IV) 
NH (CH;3) -CH»-CH (OH) -CH2-COOH. 


Die Abspaltung der Naphthalinsulfosaure erfolgte mit Salz- 
sdure. Zu dem Zweck wurden 58¢ reiner Naphthalinsulfonyl- 
y-methylamino-f-oxy-butterséure vom Schmelzp. 138-139° mit dem 
achtfachen Volumen 20 %iger Salzsiiure im Olbad 42 Stunden 
im Sieden gehalten, aus der klaren Losung wurde die Naph- 
thalinsulfosdure durch 63 stiindige Extraktion mit Ather im 
Suto-Kumagawaschen Extraktionsapparat entfernt, darauf 
durch wiederholtes Einengen im Vakuum und Wiederaufnehmen 
mit Wasser ein grosser Teil der iiberschiissigen Salzsdiure, der 
Rest durch aufeinanderfolgende Behandlung mit Bleicarbonat, 
Schwefelwasserstoff, Silbercarbonat und wieder Schwefelwasser- 
stoff weggebracht. Die leicht gelb gefarbte Losung wurde stark 
eingeenet und mit dem achtfachen Volumen Alkohol versetzt. 
Die ausgeschiedene Krystallmasse wurde in wenig Wasser gelost, 
mit Tierkohle entfarbt und nach dem Hinengen Alkohol zugesetzt, 
bis eine schwache Triibung erfolgte. Nach einigen Stunden 
schieden sich die Krystalle in viereckigen Blattchen analysenrein 
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aus. Ausbeute 13,7 g—57%. Die Substanz schmilzt bei 190°-191°. 
9,4824 mg Substanz verbrauchten 7,134 ccm n/100-H2SO.. 


3,335 mg ae gaben 5,550 mg CO, und 2,375 mg H.O. 
3,515 mg + » 5,805 mg CO, und 2,575 mg H.O. 
Fiir C;H),0;N. Ber.: © 45,11% H 833% WN 10,52% 
Gef.: 45,39 7,97 10,53 
45,04 8,20 


Sie ist in Wasser leicht loslich. Die wasserige Losung 
reagiert gegen Lackmus schwach sauer.  Biuretreaktion ist 
schwach positiv. 


Ill. y-Methylguanido-b-oxy-buttersiure (V) 
NH2.C (NA) .N (CHs) .CH2.CH (OH) .CH2.COOH. 


2g y-Methylamino-6-oxy-butterséure wurden mit 1,9 g frisch 
dargestelltem Cyanamid in 20ccm Wasser gelost; nach Zugabe 
einiger Tropfen Ammoniak blieb die Losung bei Zimmertem- 
peratur stehen. Schon nach 2 Tagen triibt sie sich, den niach- 
sten Morgen ist sie ganz durchwachsen von derben Krystallen. 
Diese Krystalle wurden abgesaugt und mit Alkohol bis zum 
Verschwinden des Dicyandiamids ausgekocht. Durch mehrfaches 
Umlosen des Rohproduktes in heissem Wasser und Einengen der 
Loésung wurde reine Methylguanido-f-oxy-buttersiure in einer 
Ausbeute von 1,12 ¢ (=42 % der Theorie) erhalten. 

Zur Analyse wurde im Vacuum tiber P2O5 bei 100° getrocknet. 

6,8395 mg Substanz verbrauchten 11,59 cem n/100-H.SO,. 
Fiir Cs5H,;0;,Nsz. Ber.: N 24.00 % 
Gef.: 23,72 

Sie krystallisiert in Prismen, schmilzt bei 201°-202°, in 
Wasser sehr leicht loslich. Die wiasserige Losung zeigt keine 
Sakaguchische Argininreaktion. 

Zur Charakterisierung geeignet ist das salzsaure Salz. Zu 
seiner Darstellung wurden 0,2379 g y-Methyleuanido-f-oxy-but- 
tersdure in 13,6 ccm n/10-HCl gelést, die Lésung auf dem Was- 
serbad zur Trockne eingeengt, der Sirup erstarrte beim Hrkalten 
zu einer strahlig-krystallinischen Masse; nachdem die letzten 
Spuren von Wasser im Vacuumexsiceator entfernt waren, wurde 
das Chlorhydrat in wenig absolutem Alkohol geldst, filtriert, 
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eingeengt bis zur Trockne und nochmals in Alkohol aufgenom- 
men, die alkoholische Lésung mit trocknem Ather bis zur begin- 
nenden Trtibung versetzt. Nach einigen Stunden schied sich 
das Chlorhydrat in Prismen aus. 

Zur Analyse wurde das Salz im Vacuumexsiceator getrocknet. 


5,451mg Substanz gaben 3,770mg AgCl. 
5,966 mg Substanz verbrauchten nach Kjeldahl] 8,516 cem n/100-H.SO, 


6,864 mg Substanz 35 sp 9,788 s 
Fiir CyHy3N3;03: HCl. Ber.: N 19,85% Cl 16,74% 
Geiss ieee EA) 
19,96 


Das Salz schmilzt bei 170°; es lost sich leicht in kaltem 
Wasser und Alkohol, gar nicht in Ather. 
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CHANGEMENT CARACTERISTIQUE DE LA VITESSE 
DE LA SEDIMENTATION DES HEMATIES DANS 
LES SOLUTIONS DE CONCENTRATION 
OLIGOLYTIQUE.* 


Par 


a HIROSI NAKAMURA et KAITIRO KURODA. 


(Laboratcire de Chimie Biologique d la Faculté de Médecine de 
UUniversité Impériale de Keijo.) 


(Reen pour la publication, le 7 Avril 1937). 


INTRODUCTION. 

Au cours de nos recherches sur le mécanisme de 1’hémolyse 
au point de vue de la masse active mécanique, nous avons trouvé 
ce curieux phénomeéne que ce n’est pas dans la solution saline 
« iso-tonique », mais bien dans une solution de concentration 
beaucoup plus élevée que Jes globules rouges résistent le mieux 
(1935, 1936). Nous avons alors nommé provisoirement cette 
concentration caractéristique la « concentration oligolytique » en 
attendant de connaitre a fond sa signification scientifique. 

Depuis nous avons continué a étudier ce phénoméne de 
concentration oligolytique des hématies a différents points de 
vue. En effet cette concentration nous a montré beaucoup de 
faits remarquables méconnus jusqu’ici. En étudiant |’influence 
du lavage des globules rouges a l’eau salée de concentration 
variée, nous avons démontré que le lavage des globules rouges 
a n’importe quelle concentration exerce toujours une influence 
soit positive soit négative sur la résistance globulaire et que 
Vindividu dont les globules rouges montrent un plus haut degré 
d’hémolyse dans les solutions salines hypo-oligolytiques, montre, 
au contraire, un plus bas degré d’hémolyse dans les solutions 
salines hyper-oligolytiques que chez les autres individus et vice 
versa. Ce phénomeéne est comparable au mouvement de la bas- 


(*) Ce travail a été exéeuté grace & la bonté de la Société du Japon 
pour Encouragement des Recherches Scientifiques (Nippon Gakuzyutu Sin- 
kokwai) qui a bien voulu nous accorder une bourse. 
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cule ou de la balance, dont le point d’appui forme la concen- 
tration oligolytique. Ce méme phénomeéne a été, depuis, reconnu 
par plusieurs auteurs: Y. Egami (1936) dans ses études sur 
la différence individuelle bovine dans le degré de |’hémolyse a 
éealement trouvé le phénoméne de la “ bascule’’ selon |’indivi- 
dualité et que ce sont les substances dans le sérum effectives a 
Vabaissement du point de congélation qui déterminent ce phéno- 
mene. R. Ebina (1936) nous a révélé un fait analogue tres 
intéressant en nous montrant que les globules rouges nucléés et 
non-nucléés différent essentiellement dans leur hémolyse dans 
Veau salée contenant une faible dose d’urée: l|’hémolyse des 
globules rouges nucléés est ralentie par la présence de l’urée 
dans le milieu de concentration saline hypo-oligoiytique et est 
accélérée, au contraire, dans le milieu de concentration saline 
hyper-oligolytique, tandis que chez les globules rouges non-nucléés 
¢’est juste le contraire qui se produit. Ici aussi on trouve encore 
le phénomeéne de la « bascule >. 

D’autre part le phénoméne de la « bascule» a été reconnu main- 
tes fois par divers auteurs dans leurs études sur |’influence qu’ont 
certaines substances hémolysantes sur l’hémolyse dans les milieux 
salins de concentrations variées: l’alcool éthylique par H. Hiraoka 
(1936), Valeool méthylique par A. Asano (1936), la glycérine 
par I. Itinosawa (1986), les sels biliaires, la saponine, la digito- 
nine, les savons ete. par 8S. Huzimoto (1936). 

D’aprés Tchungchin Bak (1936) le pourcentage d’hémolyse 
dépend catégoriquement de la concentration saline du milieu, 
suivant qu’il soit hypo-oligolytique ou hyper-oligolytique; la con- 
centration olgolytique forme une démarcation de ces deux carac- 
téres tout a fait opposés. Z. Nisiyama (1936) en étudiant la 
signification de la concentration oligolytique au point de vue 
morphologique a constaté que les globules rouges prennent le 
diamétre le plus petit dans l’eau salée de concentration oligo- 
lytique et que le diamétre s’élargit selon que la concentration 
saline dans le milieu s’accroit ou diminue. En prenant en con- 
sidération le changement de diamétre en trois dimensions des 
globules rouges suivant la concentration du milieu, il est arrivé 


Sédimentation globulaire dans les solutions variées 557 


a ela conclusion que le volume méme des globules rouges prend 
sa valeur la plus petite dans le milieu salin de concentration 
oligolytique. 

N. Yakusizi (1936) en appliquant toutes les connaissanges 
aequises jusqu’ici relatives a la concentration oligolytique des 
globules rouges, a réussi a trouver un moyen extraordinaire de 
séparer les nucléi des globules rouges nucléés. D’aprés ses résultats, 
e’est dans le milieu salin de concentration oligolytique que les 
nucléi sont séparés net par l’application d’un certain poison du 
protoplasma hémolysant et ¢’est aussi grace a la concentration 
oligolytique que les nucléi isolés peuvent rester trés longtemps 
en suspension homogeéne trés stable. Grace a sa découverte, la 
libération des nucléi par ce moyen peut se faire tres tranquil- 
lement et précisément a |’eil nu sans recourir au microscope. 

La concentration oligolytique, comme nous yvenons d’en 
énumérer les données expérimentales, nous fournit un tas de 
phénomeénes affirmant l’importanece de la concentration oligolytique 
et contredisant la notion classique «d’isotonie». <Afin de con- 
naitre mieux ce phénomene singulier nous avons poussé nos 
observation un peu plus loin (1937): la suspension d’hématies 
dans |’eau salée de concentration vari¢e montre (1) une aug- 
mentation remarquable de viscosité a Ja concentration oligo- 
lytique, (2) un changement caractéristique dans |’abaissement 
du point de congélation de la suspension des hématies dans les 
solutions de concentration oligolytique vis-a-vis de celui du milieu 
et (3) un changement caractéristique dans la vitesse de la sédi- 
mentation des hématies dans des solutions salines de conecentra- 
tion oligolytique (1936). C’est ce dernier phénomeéene que nous 
décrivons dans ce présent mémoire. 


PARTIE EXPERIMENTALE. 


Depuis le travail de Fahraeus en 1917 la vitesse de la 
sédimentation a été continuellement recherchée par un nombre 
considérable de chercheurs a presque tous les point de vue. Nous 
possédons aujourd’hui une bibliographie colossale comprenant 
largement le nombre de trois mille. La plupart de ces travaux 
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ayant un but pratique, ne se rapportent Iqu’au sang des malades 
et il n’y a que relativement trés peu de chercheurs qui se 
soient ‘oecupés des recherches scientifiques en vue de déterminer 
leg facteurs infiuencant la vitesse de la sédimentation des globules 
rouges. Mémes ces derniers, comme s’ils s’étaient donnés le 
mot, n’ont étudié le phénoméne que dans le plasma et jamais 
dans le milieu simple et chimiquement bien déterminé. Nous 
trouvons & peine quelques travaux traitant la vitesse de la sédi- 
mentation dans le milieu simple, par exemple, R. Brinkman 
et F. H. Wastl (1921), L. Berezeller et F. H. Wastl (1924) 
Vont étudié dans la solution de Ringer; K. Burker (1922), B. 
Behrens (1924) dans le liquide conservateur de Hayem, E. Block 
et Z. Oelsner (1923) dans leau salée physiologique. D’autre 
part, Friedmann (1925), Enocksson (19381) ont étudié dans 
le plasma additionné de chlorure de sodium et Demurtas (1932), 
Z. Uehara (1930) et K. Kura (1926) ont étudié 1’influence 
exercée par |’addition de chlorure de calcium dans le plasma. 
Tous leurs résultats sont d’accord sur le fait de la retardation 
par la présence de ces sels minéraux, sauf Demurtas, dont les 
résultats montrent quelquefois une retardation et d’autrefois 
plut6t une accélération. 

Notre but essentiel d’étudier la vitesse de la sédimentation 
des globules rouges consiste principalement 4 connaitre de plus 
pres la propriété physico-chimique du phénoméne de la concen- 
tration oligolytique. Pour cela il nous a fallu tout d’abord 
établir une technique convenable pour étudier systématiquement 
influence de la concentration saline dans le milieu sur la vitesse 
de la sédimentation. Dans ce but, nous avons, dans notre mémoire 
précédent (1937), étudié systématiquement les conditions qui dé- 
terminent la vitesse de la s¢dimentation des globules rouges dans les 
systemes simples et bien déterminés, savoir: les globules rouges de 
diverses espéces animales, la concentration des globules rouges dans 
Ja suspension, la masse active mécanique, la température, la con- 
centration d’ion hydrogéne, la gravité et la centrifugation, la 
hauteur (la longueur) et le diamétre du tube ainsi que le degré 
d’inelination du tube (1937) ete. Enfin nous avons formulé une 
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technique adéquate en fixant constants les facteurs déterminant 
la vitesse de la sédimentation et nous avons étudié l’influence de 
la concentration saline sur elle. 


e 
1. Tubes dans lesquels la sédimentation a été observée. 


Dans un travail précédent (1937) nous avons constaté que le 
diamétre du tube n’a pas d’influence sur la vitesse de la sédi- 
mentation, au moins dans la limite que nous avons examinée, 
de 7@m. jusqu’a 4mm de diamétre, et que la hauteur du tube 
non plus n’influence nullement la vitesse de Ja sédimentation, 
avant que «l]’effet du fond » n’entre en jeu vers la fin de la 
sédimentation ; alors « Veffet du fond » commencant a apparaitre 
retarde la vitesse de sédimentation. 

Toutes ces circonstances mises en considération, nous nous 
sommes servis des tubes suivants: les tubes en verre a bout rond, 
de 8mm. de diametre et de 140mm. de longueur, de grosseur 
homogéne de bas en haut, choisis par calibration. Ils portent 
la graduation depuis le bas jusqu’a 7 cc. (112mm. de hauteur) 
du haut, la partie au-dessus reste sans graduation et quant ils 
sont dressés debout en rang la graduation de 7 cc. forme une 
ligne droite c’est a dire est a la méme hauteur pour tous les 
tubes. 


2. Globules rouges employés et leur concentration dans la 
SUSPENSION. 

La courbe de la concentration saline et de la vitesse de la 
sédimentation des globules rouges variant beaucoup, d’aprés nos 
propres expériences, suivant l’espéce animale (19387), nous avons 
pris, comme matériaux représentants, des globules rouges du 
sang défibriné de deux espéces animales, le boeuf et Joie. 

Le niveau des globules rouges que forment les globules rouges 
daus des suspensions de la solution saline au cours de leur sédi- 
mentation, marque quelquefois une délimitation tres distincte, 
d’autres fois trés vague et tellement dégradée qu’il n’est jamais 
possible de lire la distance de la sédimentation. Cela dépend de 
la proportion de Ja quantité du milieu et de la quantité d’héma- 
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ties, autrement dit de la concentration des hématies. Nous avons 
choisi, d’aprés nos propres expériences, le rapport a raison de 
1 ce. de purée d’hématies dans 6 ce. de solution saline. 


3. Technique pour la vitesse de la sédimentation globulaire. 


Prenant une série des tubes dont nous venons d’éerire, on 
met dans chacun une solution saline 4 ¢tudier de concentration 
différente jusqu’a la graduation de 6 cc. (95mm. de hauteur) en 
faisant attention de ne pas mouiller la paroi, on y ajoute 1 cc. 
de la purée d’hématies, puis on les bouche avec les bouchons en 
eaoutchoue. Aprés quoi on délaye les globules plus ou moins 
eollés & la paroi du tube, en les retournant légérement plusieurs 
fois et en s’assurant que la suspensions est parfaitement homo- 
gene. Dans cette opération on a peu a se soucier de 1|’effet 
provoqué par la masse active mécanique inévitable, car la masse 
active mécanique qu’on donne préalablement a la suspension 
n’influence guére sur la vitesse ultérieure de la sédimentation 
Quand les globules rouges sont délayés en suspension homogéne pou 
tous les tubes, on les retourne encore une fois tous ensemble pour 
mettre le point de départ de la submersion égal pour tous les tubes. 

Ensuite la distance entre le niveau du liquide et Je niveau 
que forme la colonne des globules rouges est mesurée a l’inter- 
valle du temps déterminé. Une précaution toute spéciale a 
prendre dans la technique est, comme beaucoup d’expérimentateurs 
ont remarqué, de dresser les tubes absolument en position 
perpendiculaire, parce que méme d’une trés légére inclination 
résulte une accélération remarquable de las édimentation, surtout 
quand il s’agit de recherches, comme les nétres, dans lesquelles 
on ne veut pas laisser échapper le moindre changement dans la 
vitesse de sédimentation. 


4. Solutions salines de concentrations variées. 


Dans ces expériences, nous avons étudié les sels suivants: 
chlorure de potassium, chlorure de sodium, bromure de potassium, 
bromure de sodium avee 2 molécules d’eau de cristallisation, 
chlorure de calcium avec 2 molécules d’eau, chlorure de strontium 
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avec 6 molécules d’eau et chlorure de baryum avee 2 molécules 
d’eau. 

La concentration saline des solutions a été désignée plutot 
en molécules-grammes qu’en pour cent (ou en gr/dl) et dans cette 
désignation ]’eau de cristallisation n’a pas été mise en compte. 
Lia sédimentation a été étudiée dans les solutions salines de 
concentrations variées suivantes, pour les globules rouges du 
beuf: 0,12, 0,14, 0,15, 0,17, 0,20, 0,25, 0,30, 0,40, 0,50, 0,60, 0,70, 
0,80, 0,90, 1,00 et 1,20 molécules-grammes et pour les globules 
rouges de ]’oie on a ajouté a cette liste 0,10 et retiré 1,20. 


5. Ambiance et intervalle de temps d’observation. 


La température de l’ambiance dans laquelle nous avons 
effectué nos expériences était fixée 4 20°C. la distance entre la 
surface du liquide et le niveau de la couche des globules rouges 
a été mesurée a |’intervalle convenable, mais pour les globules 
rouges du beeuf, il a été un peu plus espacé que pour les globules 
rouges de ]’oie, car les derniers tombent plus vite que les premiers. 


6. ésultat des expériences. 


La vitesse de la sédimentation des globules rouges examinée 
dans les solutions salines de concentrations variées est résumée 
dans les tableaux ci-joints (I et II), dans lesquels la vitesse 
représente la distance en mm par heure, ou plus exactement la 
valeur de la tangente obtenue par les tracés graphiques du temps 
et de la distance entre la surface du liquide et le niveau de la 
couche d’hématies. Dans ces systemes la chute des hématies est 
parfaitement uniforme si le milieu n’est pas trop concentré. La 
vitesse de la sédimentation qui n’est plus uniforme dans les 
solutions trop concentrées est marquée d’un astérique dans les. 
tableaux. 

D’autre part nous avons donné les tracés graphiques de la 
concentration et de la vitesse de la sédimentation dans les figures 
1 4 12 ci-jointes. Dans ces tracés graphiques, les ordonnées 
représentent la distance de la chute des globules rouges et les 
abseisses la concentration saline de la solution. la direction des 
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Fig. 4. BrK; beuf. 
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ordonnées est prise exprés dans le sens contraire. C’est pour 
faciliter la compréhension du phénoméne par l’apparence des 
courbes de facon que leur forme nous donne directement |’idée 
du volume du sédiment auquel nous sommes habitués. Dans une 
figure nous avons donné plusieurs courbes. Elles représentent 
de haut en bas, la marche du temps, c’est a dire que chaque 
courbe montre le changement de la vitesse de la sédimentation 
selon la concentration saline & un moment donné et la lettre h. 
signifie ]1’unité de temps heure. 

D’aprés ces données numériques ainsi que les courbes, le 
fait le plus remarquable (avee globules rouges du sang de beeuf) 
est qu’on trouve une élévation trés large dans les courbes suivant 
l’accroissement de la concentration. Ce phénomeéne est commun 
a tous les sels A cation mono-valent: ClNa, CIK, BrNa et Brk. 

Cependant la forme et l’étendue de cette élévation varient 
plus ou moins selon le sel. Le chlorure de potassium et le bro- 
mure de potassium, par exemple, montrent une colline a base 
plus large et a sommet plus arrondi que celle du chlorure de 
sodium et du bromure de sodium. Tandis qu’avec les solutions 
des sels a cation di-valent la colline est beaucoup plus serrée a 
gauche qu’avec les solutions de sels a cation mono-valent. Entre 
les trois sels a cation di-valent que nous avons examinés, ily a 
une différence dans la forme de la colline selon le sel, le chlorure 
de strontium et le chlorure de baryum en montrant un caractére 
représentant et le chlorure de calcium le moins contrastant. Un 
caractére encore plus distinct et essentiel entre les sels a cation 
mono-valent et les sels 4 cation di-valent se trouve dans la forme 
des courbes aprés cette colline. Dans les solutions plus con- 
centrées que celles dans lesquelles se manifestent cette élévation 
caractéristique de la colline, les sels & cation mono-valent n’in- 
fluencent guére |’élévation de la courbe, tandis que les sels a 
cation di-valent se distinguent des précédents par une élévation 
tres caractéristique suivant l’accroissement de leur concentration. 

Maintenant nous allons envisager ce que nous venons de 
voir dans les tracés graphiques au point de vue de la vitesse de 
la s¢dimentation globulaire. Dans ce but nous avons tracé les 
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graphiques en prenant comme ordonnées Ja distance de la sub- 
mersion des globules rouges et comme abscisse le temps. la 
chute des globules rouges étant un mouvement uniforme, tous 
les points d’observations reposent, en effet, sur une ligne droite 
si le niveau de la colonne globulaire ne s’approche pas trop du 
fond. Aprés avoir donné une correction mathématique aux valeurs 
numériques, expérimentales, nous avons ecaleulé les valeurs de la 
tangente de facon qu’elles représentent en méme temps la vitesse 
de Ja sédimentation des globules rouges en mm. par heure (voir le 
tableau f). 


TABLEAU I. 


Vitesse de la sédimentation des hématies du beuf dans les 
solutions de divers sels minéraux. 


Sels. ClNa ClK BrNa Brk Cl’Ca CPSt Cl’Ba 
aes Vitesse de Ia sédimentation en mm. par heure. 

012 | 1,25 1,38 1,33 1,38 1,22 1,05 1,02 
wie a 148) 148 |-426 | ii 1 on 0,95 1,01 
0,15 122) 1 1286. |. 4,30 Fe eae REY 1,03 0,97 
0,17 125 | 1,44 | 9 132 | 1,16 1,02 | ‘0,90 
0,20 124 | 1,44 | 1,18 hee ta 0,96 | 0,94 
0,25 127 182° 0} F417 68) Ve L160 O88 | =.0:87 
0,30 1,2 1,31 1,18 400°" | 1,09 0,86 0,83 
0,40 1,23 1,27 uF 1,15 0,98 0,86 | 0,82 
0,50 1,24 1,27 1,39 wane he 1s 138) ets 
0,60 Pee ietsie.| dio. | 146 | 1,34 | 0,84* 
0,70 1,80 1,92 | 1,20 Dae lege |i: | 0.74% 
0,80 1,73 1,90 1,52 1,63 1,39 1,02 0,60* 
0,90 1,90 1,83 2,43 169) 152 0,81 0,44* 
1,00 1,79 1,81 2,22 1,32 | 0,82 0,69 | — 

1,20 #78) 1,79 1,31 ee. | = 0,43 — 


Les données numériques du tableau I nous montrent que 
la phase de concentration dans laquelle se manifeste la vitesse 
de la sédimentation la plus lente pour chaque sel se place: 
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ClNa a 0,3 molécules-grammes 
ClK a 0,4-0,5 rs 
‘ BrNa a 0,4 - 
Brk a 0,4-0,5 5 
Cl?Ca a 0,4 i 
CPSt a 0,25-0,4 A 
Cl’Ba a 0,3-0,4 + 


Ce que nous venons de voir jusqu’ici est ce qui se passe 
avee les globules rouges du sang de boeuf, mais quand il s’agit 
des globules rouges de l’oie, les choses sont toutes différentes. 

La forme de la courbe de la distance de la chute globulaire 
et de la concentration saline du milieu (de fig. 8 a fig. 12) montre 
une allure tout a fait contraire de celle du beeuf. Les courbes 


TABLEAU IT. 


Vitesse de lu sédimentation des hématies de Voie dans les 
solutions de divers sels minéraux. 


Sels. ClNa ClK ClCa 


CLSt CPBa 
ees Vitesse de la sédimentation en mm. par heure. 

0,10 PP 620 5 pees | 8 ton | 6,85 6,20 
Gigeee) 87,08 ee lL jhe 7.2 7,08 6,59 
ORES) 0 RS | 745 1" 66 6,78 
0,15 7,53 mee | | 777 <u tesa 6,88 
OTL emite yr S00 eel NTs Canal eT, 78 es 6,89 
0,20 8,39 /eshy al) 7905 7} 7,44 7,03 
025) | Mires) eran ee Pato. MaNNMUce oR 7,12 
0,30 907 | 904 |° 863 -| ~5,75 8,10 
0,40 8,48 9,10 | wey | 5,64* 5,99 
0,59 7,98 9,12 6,84 4,27* 6,72* 
0,60 7,18 8,51 1,99* | 0,64* 1,20* 
0,70 7,67 8,10 0 0 0 
0,80 7,56 8,10 0 0 0 
0,90 6,22 7,50 0 age 0 
1,00 3,20* 3,67* 0 0 = 


Sédimentation globulaire dans les solutions variées 567 


avee les globules rouges du sang de l’oie, au lieu de montrer 
une éléyation a leur premiére moitié, montrent au contraire une 
descente trés remarquable. Ce fossé des courbes est trés large 
avee les solutions des sels a cation mono-valent, en s’étendant 
Jusqu’a la concentration trés avancée, tandis qu’avec les solu- 
tions des sels a cation di-valent (Cl’Ca, CPSt, ClBa) le fossé 
est trés serré vers la gauche, puis aprés ce fossé les courbes 
précipitamment remontent de nouveau. 

La vitesse de la sédimentation des globules rouges du sang 
de l’oie est indiquée dans le tableaw II. 

La phase de concentration des solutions dans lesquelles se 
manifeste Ja vitesse la plus grande de la sédimentation g¢lobulaire 
pour chaque sel se place: 


ClNa a 0,3 molécules-grammes, 
ClK a 0,4-0,5 és 
Cl’Ca a 0,3-0,4 < 
CVst a 0,25 ne 
Cl?Ba a 0,3 : 5 


Ainsi, dans les solutions des sels a cation mono-valent, la 
vitesse de la sédimentation la plus grande diminue graduelle- 
ment suivant l’accroissement de la concentration, tandis que dans 
les solutions des sels 4 cation di-valent la diminution de la vitesse 
est brusque. 

Nous sommes trés étonnés de voir la concordance frappante 
qui existe entre la concentration des solutions salines dans. ses- 
quelles a lieu la vitesse de la sédimentation- globulaire la plus 
petite avec les globules rouges du beeuf et la concentration des 
solutions salines dans lesquelles la vitesse de la s¢dimentation 
elobulaire est la plus grande avec les globules rouges de oie. 

Comme nous l’avons déja remarqué plus haut, les globules 
rouges de l’oie montrent une diminution brusque dans leur vitesse 
maximum dans les solutions des sels di-valents suivant |’accroisse- 
ment de la concentration, tandis que la diminution de la vitesse 
de la sédimentation des globules rouges du beeuf est beaucoup 
moins brusque. Par conséquent la comparaison des concentra- 
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tions ecaractéristiques communes a ces deux espéces animales 
doit se faire plutot a la limite inférieure de leur concentration. 
Alors on trouve effectivement une concordance assez satisfaisante 
entre elles. 

Ce phénoméne extraordinaire di a une concentration parti- 
culiére n’est au fond autre chose que le phénoméne analogue 
de la concentration oligolytique que nous avons décrite maintes 
fois & propos de 1’hémolyse. 

Dans les solutions salines trés concentrées la ligne de déli- 
mitation entre la colonne globulaire et le milieu surnageant 
devient souvent trés vague suivant l’accroissement de la con- 
centration saline et la chute des globules rouges ne décrit plus 
alors un mouvement uniforme. Ceci est vrai pour les solutions 
des sels a cation mono-valent ainsi que pour les solution des 
sels a cation di-valent et aussi pour les globules rouges du sang 
du boeuf et pour les globules rouges du sang de 1’oie. 

, L’ambiguité du niveau de la colonne globulaire peut s’ex- 
pliquer par le fait que, dans les solutions salines concentrées, 
les globules rouges se déformant et changeant leur volume ainsi 
que leur densité ne tombent pas tous & une vitesse égale et le 
niveau équivoque de la couche globulaire ne montre en somme 
que Ja vitesse de la sédimentation des mélanges des globules 
rouges de volume et de densité trés variés. 

Quand on compare la vitesse de la sédimentation des globules 
rouges (du beeuf et de l’oie) dans les solutions des divers sels 
minéraux de concentration équimoléculaire, concentration dans 
laquelle se manifeste le changement trés caractéristique décrit 
plus haut, on trouve qu’elle est plus grande dans les solutions 
des sels & cation mono-valent que dans les solutions des sels 4 
cation di-valent et que parmi Jes derniers sels, la vitesse de la 
sédimentation globulaire semble étre inversement proportionelle 
a la grandeur du poids moléculaire des sels ou du poids atomique 
de leur cations, bien qu’il n’en soit pas toujours ainsi pour les 
sels & cation mono-valent. 

De ce fait on peut se demander si la vitesse de la sédimen- 
tation ne dépendrait pas tout bonnement de la densité du milieu. 
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Pour en décider nous V’avons examiné sur les tracés graphiques 
de la vitesse de la sédimentation globulaire comme ordonnées et 
de la concentration exprimée en pour cent ou en gr/dl et non en 
molécules-grammes comme abscisses. On ne trouve cependant 
jamais la méme vitesse de sédimentation globulaire 4 la méme 
concentration en pour cent dans les solutions de différents sels, 
elle dépend catégoriquement de la nature dusel. La densité de 
la solution bien qu’elle puisse entrer en jeu jusqu’a une certaine 
mesure, ne peut jamais, a elle seule, expliquer suffisamment le 
phénoméne. De méme la viscosité du milieu ne peut non plus 
expliquer le phénomene que la densité. 

Maintenant nous allons envisager |’affaire du coté des globules 
rouges. Tout le monde sait que les globules rouges s’altérent 
morphologiquement dans une solution saline et que cette défor- 
mation dépend de la concentration de la solution saline. Le 
changement morphologique des globules rouges dans les solutions 
salines de différentes concentrations a été étudié trés souvent par 
divers auteurs, mais récemment Z. Nisiyama a développé ses 
investigations trés en détail, en évaluant Je changement de dia- 
metre des globules rouges du sang de plusieurs espéces animales 
en trois dimensions, dans les solutions de chlorure de sodium 
de concentrations extensivement variées dans les deux sens hypo- 
oligolytique et hyper-oligolytique. D’aprées ses résultats, les 
globules rouges de beuf prennent leur volume le plus petit dans 
les solutions de concentrations oligolytiques et au fur et a mesure 
que la concentration s’éloigne dans les deux sens: plus diluée ou 
plus concentrée, les cellules se gonflent de plus en plus. Par 
conséquent les globules rouges dans les solutions salines de 
concentrations oligolytiques (en molécules-grammes), auxquelles 
correspondent nos concentrations caractristiques a la vitesse de 
la sédimentation, peuvent étre retardés dans leur chute a cause de 
la diminution de leur volume, supposé que leur densité reste inal- 
térée indépendamment de la concentration du milieu. Mais cette 
hypothése est peu commode pour expliquer le phénoméne, car, 
comme nous J’avons vu plus haut, dans les solutions salines de 
concentration oligolytique les globules rouges du sang de Voie, 
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contrairement aux globules rouges de boeuf, prennent leur vitesse 
de sédimentation la plus petite. Malgrécela, nous devons croire 
que les globules rouges du sang de 1’oie prennent aussi leur volume 
le plus petit dans les solutions de concentration oligolytique, 
comme les globules rouges discoides de beeuf, 4 en juger d’aprés 
le diamétre en trois dimensions évalué par Z. Nisiyama. 

Ainsi on voit que la diminution de volume seule ne pourra 
jamais donner une raison suffisante pour expliquer le phénoméne. 
En réalité les circonstances sont beaucoup plus compliquées qu’on 
ne pense; le volume, la densité et la forme des globules rouges 
changent et le degré de ce changement méme varie selon ]’in- 
dividualité cellulaire. 

Le phénoméne que nous venous de décrire n’est point, sans 
aucun doute, un phénomeéne facilement expliquable par nos con- 
naissances courantes d’aujourd’hui. Toutefois il nous offre un 
intérét extréme pour les études physico-chimiques des hématies 
surtout quand nous le comparons avee un tas de phénoménes 
énumérés dans notre introduction, dfs a la concentration ologo- 
lytique par l’analogie frappante qui existe entre eux. 


CONCLUSION. 


1. <A Ja concentration olgolytique, les hématies du beeuf 
montrent une ¢lévation et les hématies de l’oi montrent une 
descente caractéristiques dans la courbe concentration-sédiment- 
ation. 

2. Les concentrations auxquelles les hématies du beuf 
montrent Ja vitesse la plus petite de sédimentation et les héma- 
ties de 1’0i montrent la vitesse la plus grande sont identiques. 

3. La stabilité des suspensions des hématies dépend de la 


valence des cations des sels dissouts dans le milieu. 
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In the course of the potentiometric study on the behaviour 
of catalase action in this laboratory it was found that hydrogen 
peroxide gave a fairly stable potential to the blane platinum 
electrode in the solution of definite pH and that the magnitude 
of this potential was independent to the concentration of per- 
oxide in wide range. This fact led us to carry out the present 
work with the hope of applying this electrode for the practical 
purpose of determination of H-ion activity. The result is not 
so promising as we expected. But owing to theoretical interests 
we are going to publish some discussions on the behaviour of this 
electrode. 

I. The method and the effect of H2Ovs-concentration on 
the magnitude of redox potential. 

Into the vessel of about 30 ce. capacity was introduced 10 
ce. of buffer into which the blanc platinum plate electrode (0.5 
x 0.5 em.) was dipped. As the reference electrode, the saturated 
calomel electrode was used. The connection between both elec- 
trode solutions was realised by KCl-agar bridge. The whole 
system was placed in the water thermostat kept at 20°C. The 
BE. M.F. of the reference electrode was often controlled by re- 
ferring to M/10 KCl-calomel-electrode. It’s Eh value was found 
to be 0.2488 y. at 20°C. The potentiometer of the Shimazu Co., 
was used throughout this, experiment, which enables the reading 
of 0.5m. V. unit accurately and 0.1m. V. with fair exactitude 
when we read the meniscus through a magnifying glass. 

When the E.M.F. of the electrode became nearly steady 
one drop of M/10 H202 solution was run down from the burette 
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under constant stirring with aeration of Oo-gas and the potential 
change was read minute by minute. 
One of the typical examples is illustrated in Fig. 1. 


Fig. The potential-concentration curve. 
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As will be seen from Figure I the potential sprung up 
abruptly at the beginning of the addition of HO. then gradually 
until almost constant at the further addition. The rise of the 
oxidations-potential is not so high as we met with other oxida- 
tion agents as potassium permanganate or bichromate solutions. 
This is a most typical behaviour of hydrogen-peroxide, which 
may be ascribed to dual nature as oxidant and reductant, as 
already depicted by Itoh (1935) in his study on the action of 
catalase. 

IT. The relations between pH of the solution and the redox 
potential. 

Using acetate, phosphate, phthalate and borate buffers for 
respective hydrogen-ion concentrations, we measured the redox 
potential at the addition of hydrogen peroxide in the same man- 
ner as deseribed in section 1, and recorded: the highest value 
attained in Table I and the accompanying Figure IT. 
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TABLE I. 
Relation between pH and the potential value. 


Sorts of buffer Seas el Redox-potential 
: H,-electrode eso hs 
1 N. H.SO, solution 0.117 564.0 
M/10 HCl solution USi ef | 517.4 
M/5 phthalate buffer | 3.08 416.0 
M/15 acetate buffer | 3:62 384.0 
= 3.82 375.0 
5 | 4,23 | 383.7 
: | 4.46 | 341.5 
. | 4.64 329.0 
M/15 phosphate buffer 5.04 | 309.0 
S | 5.98 277.0 
ie | 6.97 209.0 
M/10 borie acid-KCL-NaOH 8.04 167.0 
buffer | 8.43 | 140.0 
- | 8.78 125.0 
a | 9.20 unstable 
PS) | 9.60 » 
5 | 10.00 | z 


As will be seen from the figure, the pH-potential curve is 
nearly straight in the acid range of the solution. In alkaline 
range the potential is not stable, perhaps owing to the rapid 
decomposition of hydrogen peroxide. 

Since in the phosphate mixture of pH=6.97 the potential 
is 209,0m.V. and in 1 W sulphuric acid of pH=0.117 the 
potential is 564.0m.V. for one unit change in pH, there is a 
variation of 51.8m.V. Hence the above straight ne can be 
expressed by the equation 

H=LK,—51.8 x pH. 
By putting H=564.0 and pH--0.117 we get H,=570.0, so that 
we can write the above equation as follow: 
E = 570—51.8 x pH. 
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III. Theoretical discussions. 

H.O2-electrode can be looked upon as oxygen-electrode. but 
it differs from Oo-electrode in the sense that it may be considered 
rather as atomic oxygen may react with platinum to form PtO., 
or PtOs and this state of platinum seems to reach to a saturated 
point in a relatively low concentrations of hydrogen-peroxide. 
because the maximum potential can be attained at a small con- 
centration of hydrogen peroxide and is independent of the in- 
crease in its concentration. 

At this equilibrium point atomic oxygen may react with 
hydroxyl ions in the following manner, 

O-- 2H0O + 2e = 20H. 


Fig. II The potential-pH curve 
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If we assume that the concentration of atomic oxygen is con- 
stant as above mentioned this equation can be written as follows. 


RT 


E = #,——>m(0H-), 
ni 
or EE = Bn es : 
(3) came Gaal 
or = Hee pF, 
nk 


Putting the universal value for K,n,F, and T, we get at 20°C 


Eoanx) = E,— 58,1 x pH 

From this equation we can see that for unit change of pH there 
is 58.1m.V. variation of the potential. Since we have found 
experimentally 51.8m. V. for this value, there exists a deviations 
of 7.3m. V. from the theoretical value. This is too much for 
the experimental error. But since the constancy of the con- 
centration and state of oxygen on the platinum surface is not 
so valid and the potential difference at the junction was ne- 
elected in the caleulation a few millivolt deviation is admitted. 
Moreover, the use of the blane metal electrode has been often 
encountered with unexplained difficulties. We found that using 
the same solution the potential was not always reproducible with 
different electrode, sometimes a few millivolt difference being 
resulted. This might be ascribed to the purity of the metal 
itself or to the surface nature of the electrode. But with the 
same electrode we can get almost a reproducible value. 

Oo-electrode, which was studied by a number of workers, is 
still far from the practical use. This may due to the slowness 
of the reaction Oo7?20, so that O2-electrode is considered rather 
as irreversible (Richards 1928). The H2O.-electrode, however, 
may be considered as reversible and used for the measurement 
of OH-ions activity only in acid range more conveniently than O»- 
electrode, if certain precautions are paid for the peculiarity of 
the blane metal electrode used. 

Since we have many reliable methods for such a measure- 
ment, as Ho-gas electrode or quinhydron electrode, we publish 
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this paper simply from some theoretical interests on the oxygen 
electrode and claim no practical use. 


SUMMARY. 


Using the H2O>2-electrode the relation between the potential 
(m. V.) and the activity of H-ion in various buffer mixtures at 
20°C ean be represented by the equation 


H = E,—01.8 x pH: 


and,some theoretical discussions for this equation are given. 
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UBER DEN EINFLUSS DER NAHRUNGSFETTE AUF 
DIE EIGENSCHAFTEN DER PHOSPHATID- 
FETTSAURE DES FETUS. 


Von 


KICHIHEI MIURA. 


(dus dem Llin-chem. Laboratorium der Keic-Universitat, Tokyc. 
Vorstand: Prof. Y. Sueycshi.) 


(Bingegangen am 20. Mai 1937). 


KINLEITUNG. 

Ks ist wohl bekannt, dass das Nahrungsfett auf die Higen- 
schaften des Korperfettes irgend eine Einfluss ausiibt. Nach den 
Experimenten yon Shioji soll das Leberphosphosphatid durch 
den Einfluss des Nahrunesfettes seine Jodzahlverandern. Sinclair 
gibt, an dass auch die Jodzahl des Phosphatides der Gewebe bei 
der Aufnahme der eine hohere Jodzahl besitzenden Fette zu- 
nimmt. 

Nun habe ich folgende Experiment ausgefiihrt, um festzu- 
stellen, ob die Phosphatid-Fettsiure des Fetus durch die Higen- 
schaften des Nahrungsfettes beeinflusst wird. 


VERSUCHSMATERIAL. 

Die mir zur Verfiigung gestellten Tiere sind reife weibliche 
Ratten mit einem Ko6rpergewicht von tiber 120g. Sie wurden 
vor dem Experiment mit einer bestimmten Nahrung tber 20 
Tage lang gefiittert. Um die Ratten genau zur Schwangerschaft 
zu bringen, habe ich taglich die gefarbten Ausstrichpraparate 
der Scheidensmeema mikroskopiert, welche taglich in bestimmter 
Zeit aufgenommen wurde, und nur die weiblichen Ratten im [. 
Stadium des Geschlechtszyklus, d. h. in der Vorbrunstzeit, mit 
den mannlichen zusammengeleget. Am niachsten Morgen wurde 
die Scheidensmegma wieder mikroskopiert. Wurden Spermien 
darin nachgewiesen, so habe ich es als Anzeichen der ausge- 
machten Kopulation betrachtet und denselben Tag als I. Schwan- 
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gerschaftstag bestimmt. 

Die gewohnliche Hauptnahrung der Versuchstiere besteht 
aus Reis, welchem Gemiise in geeigneter Menge zugefiigt wurde. 
Bei den Hauptexperimenten wurde ein kiinstliches Futter fol- 
geender Zusammensetzung benutzt : 


Starke 68. 2 
Kkasein 18. ¢ 
Versuchsfett 20. ¢ 
Salz (MeCollum) 3.2 
Oryzanin (Vitamin B) aie 


3iosterin (Vitamin Au.D) ein wenig. 

Jede 112@ des genannten Gemisches wurden mit 70 cem 
Wasser geknetet, fiir etwa 10 Minuten erhitzt, und nach der 
Abkiihlung etwas Rettichsaft zugesetzt. Von dieser Nahrung 
wurden taglich 20g dem einzelnen Tier verabreicht. 

Fir das Versuchsfett brauchte ich Leino] (Jodzahl 187) als 
das die ungesdttige Fettséure reichlich enthaltende und Kokos- 
nuss6l (Jodzahl 10) als das dieselbe in kleiner Menge enthaltende 
Fett. Zu spezifisechem Zwecke wurde noch die Elaidinsaure 
angewandt. 


VERSUCHSMETHODE. 


Dem vorher hergestellen Alkohol-Atherextrakt der Organe 
wurde gesattigte alkoholische Chlorkadmiumlésung zugesetzt, 
worauf sich der Alkohol-Ather abdampfen liess. Der dabei ge- 
wonnene Riickstand wurde mit Aceton durchgemischt. 

Das Gemisch wurde dann in eine Zentrifugenréhre gegossen 
und nach Abkiithlung bis auf -10°C zentrifugiert, um die klaré 
Oberschicht abzutrennen. Diese Acetonspiilung wurde mehrmals 
wiederholt, die gesamten im Aceton unléslichen Substanzen ge- 
sammelt und in wenig 3% Salzsiure-Alkohollésung aufgelist ; 
dann mit gesittiger Natronlauge stark alkalisch gemacht und 
verseift. Von dem verseiften Material wurde dann die Phos- 
phatid-Fettsiure durch das Kumagawa-Sutosche Fettbestim- 
munegsverfahren getrennt. 
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Die Acetonldsung wurde abgedampft, der Riickstand in 
wenig Alkohol aufgelost, die Loésung nach Zusatz der Natron- 
lauge erhitzt und verseift und in warmem Wasser aufgelést, dann 
in den Scheidentrichter gegossen. Der Liésung im Scheiden- 
trichter wurde gleichmengiger Alkohol zugesetzt, um eine 50 % 
Alkohollésung herzustellen, zu welecher noch Petroleumather kam, 
und das Ganze tiichtig geschiittelt. 

Nach der Trennung des die unverseifbare Substanz enthal- 
tenden Petrolathers liess der Alkohol sich abdampfen, dann 
wurde nach gewohnlichem Verfahren die Fett-Fettsaure getrennt. 

Die Jodzahl wurde mittels der Mikrobestimmungsmethode 
nach Wijs gemessen. 


EXPERIMENT 1. 


Zuerst habe ich den Fettstoff der mit einer gewohnlichen 
Nahrung gefiitterten Ratte untersucht. So habe ich bei den 5 
Ratten, welche mit Reis und Gemiise 20-40 Tage lang gefiittert 
worden waren, die Jodzahl der Phosphatid-Fettsiure und der 
Fett-Fettsiiure der Leber und des Muskels gemessen. Die Re- 


TABELLE I, 
Leber Muskel 
Tiernummer | Fettsaure Fettsaure 
Fett Phosphatid Fett Phosphatid 

1 968. | -—1646 80.7 153.7 
2 98.8.0 <1 162.7 85.6 150.3 
3 107.6 158.7 77.8 154.5 
4 109.1 152.4 78.2 155.5 
a) 84.8 150.1 79.3 149.0 
Mittel 98.3 Ilayieatl 80.3 152.6 


sultate sind aus Tabelle I zuersehen. Wie Tabelle I zeigt, betragt 
die durchschnittliche Jodzahl der Fett-Fettsiure bei der Leber 
98.3 und die der Phosphatid-Fettsiure 157.7, wahrend ‘bei dem 
Muskel die der Fett-Fettsaiure sich auf 80.3 und die der Phos- 
phatid-Fettsiure auf 153.5 belauft. Daraus kann man wohl 
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schliessen, dass die Jodzahl der Phosphatid-Fettsdure sowohl bei 
der Leber als auch bei dem Muskel viel héher als diejenige der 
Fett-Fettsaure ist. 


EXPERIMENT 2. 


Die mit normaler Kost gefiitterten Ratten, welche vorher 
geschwingert worden sind, wurden am 20.-21. Schwangerschaft- 
stage durch Schlag getétet und die Fettsiure der Leber und 
des Muskels wurde sowohl bei den miitterlichen Ratten als auch 
den Feten gemessen. Wegen des geringeren Gehaltes der Fett- 
siure wurden die 4-6 Feten zusammen gleichzeitig analysiert. 


TABELLE IJ, 


Mutterkorper 
oo Fetus 
Leber Muskel 
Tiernummer = 
Fettsiure Fettsiure Fettsiure 

| Pho- Pho- Phos- 
Fett | sphatid | Fett | sphatia | Fett | pnatia 
6 100.7 143.1 89.4 154.3 104.7 125.0 
7 65.9 147.4 . ESE 149.0 lee, 109.4 
8 96.9 iSeI Wot 158.2 95.9 103.5 
9 | 97.7 TSO || 4B 150.6 97.5 114.8 
10 102.2 158.5 | 82.0 155.2 104.0 119.3 
Mittel 92.7 152.0 80.4 A835) 95.8 114.4 


Die Resultate sind in Tabelle II angegeben. Nach Tabelle II ist 
die Jodzahl der Fettsaure der Leber und des Muskels bei den 
mitterlichen Ratten gleich der des normalen Zustands, wiihrend 
in der Leber nur Phosphatid-Fettsdure ein wenig abnimmt. 

Bei Feten betrigt die Jodzahl der Fett-Fettsiure durch- 
schnittlich 95.8, ist also etwas héher als dieselbe bei den miitter- 
lichen Ratten, wihrend die Jodzahl der Phosphatid-Fettsiure, 
welche durchschnittlich 114.4 betrigt, viel niedriger als diejenige 
der Phosphatid-Fettsiure der Leber und des Muskels bei den 
mutterlichen Ratten ist. 
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EXPERIMENT 3. 
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Folgende Versuche wurden unternommen, um festzustellen, 
wie weit eine Fiitterung mit Fettnahrung die Jodzahl der Kér- 
perfett-Fettsiure der Ratte beeinflusst. 
zwei Gruppen geteilt, die eine wurde mit Leindldidit und die 
andere mit Kokosdldiat geftittert; dann wurde bei beiden Grup- 
pen je am 5., 10., 20., 25., und 45. Tage die Jodzahl der Fett- 


TABELLE III, 


Die Ratten wurden in 


a : Leber Muskel. 
Diiit Ee ee 
age) | nummer | Jodzahl| Mitte) | Jodzahl | Mittel 
. 50 148.4 - 102.2 
a 51 143.0 145.7 112.0 107.1 
3 | @ | 08 | asus | BEE | sono 
b. 54 161.5 114.0 
45 ae 181.0 171.8 121.7 117.3 
Leinol 

56 118.9 é 
S 58 166.5 ; 133.8 2 
25 oa ae 170.6 nee 126.0 
- 60 175.2 , 139.1 
= 61 170.8 173.0 134.9 137.0 
E 70 84.3 54.0 * 
5 ot Te 80.3 zee 55.4 

‘ 5 53.8 é 
10 ie hie 59.2 ee 53.1 
- 74 72.3 e 55.0 
15 75 59.2 65.7 68.6 61.8 

Kokosnussol , f 

76 59.3 59. As 
ae 17 69.3 64.3 51.7 poe 
é 78 71.0 56.8 : 
25 79 67.2 69.1 48.6 a 
é 58.7 c 67.6 “ 
45 4 au 69.5 ee 59.3 
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Fettsiiure der Leber und des Muskels gemessen. Die Resultate 
sind in Tabelle III angegeben. 

Wie in Tabelle III gezeigt, ist die Jodzahl der Leberfett- 
Fettsiure, wahrend der Fiitterungszeit mit Normaldiat durch- 
schnittlich 98.8, am 5. Fiitterungstage bei Leinéldiat nimmt sie 
aber durchschuittlich bis auf 145.7 zu und bei Kokosoldiat nimmt 
sie dagegen bis auf 80.3 ab. Bei zehntaégiger Futterung mit 
Leinoldidt betragt sie ebenfalls 163.8 und bei Kokosoldiat redu- 
ziert sie sich bis auf 58.2, also kann man eine deutliche Zu- 
oder Abnahme der Jodzahl bemerken. Nach der auffallenden 
Schwankung der Jodzahl in ktirzeren Zeiten zeigt diese weiter 
am 45. Fiitterungstage gar keine Schwankung mehr. 

Bei der Muskelfett-Fettsaure verhalt es sich ganz ebenso; 
die Jodzahl erfahrt auch hier in den ersten 5-10 Fiutterungstagen 
eine intensive Schwankung, die aber dann fast aufhort. 

Aus obigen Resultaten erkennt man, dass durch die tuber 
10 Tage lange Fiitterung mit Versuchsdiat die Jodzahl der Fett- 
Fettsaure der Ratte sich verandern lassen kann; also in den’ 
folgenden Experimenten wurde die Fiitterungszeit immer fiir 20 
Tage bestimmt. 


EXPERIMENT 4. 


Bei den mit Leinoldidat 20 Tage lang gefiitterten Ratten 
wurde die Jodzahi der Fettstoffe von Leber und Muskel unter- 


TABELLE LV. 


Leber Muskel 
Tiernummer Fettsaure Fettsaure 
Fett ~ Phosphatid Fett Phosphatid 
ial 181.0 23 V2 165.0 
12 190.9 172.3 140.2 165.5 
153 161.5 175.9 114.0 169.0 
14 167.0 160.3 118.9 164.1 
is 174.8 170.9 123.5 166.3 
Mittel 175.0 170.3 123.6 165.9 
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sucht; die Resultate sind in Tabelle IV angegeben. Wie diese 
Tabelle zeigt, haben die Jodzahlen im Vergleich mit denjenigen 
bei Normaldiit bei der Leberfett-Fettsaure um 77, bei der Leber- 
phosphatid-Fettséure um 13, bei der Muskelfett-Fettsiure um 
43 und bei der Muskelphosphatid-Fettsiure um 13 zugenommen. 


EXPERIMENT 5. 


Sofort nach der Begattung wurde die Ratte mit Leindldiit 
gefiuttert und am 20. Tage, némlich an dem der Geburt voran- 
gehenden Tage wurden die Jodzahlen der Fettstoffe sowohl des 
Mutterkorpers als auch des Fetus gemessen; die Resultate sind 
in Tabelle V angegeben. Beim Muttertiere hat die Jodzahl der 


TABELLE V. 
Mutterkorper 
Fetus 
Leber Muskel 
Tiernummer | x 
Fettsiure Fettsiure Fettsiure 
Pho- | Pho- Pho- 
| Fett | spnatia | Pett | spnatia | Pe? | sphatia 
16 | 178.8 182.3 125.6 149.8 122.6 129.3 
17 153.8 171.4 119.1 166.7 122.9 133.8 
18 160.6 171.0 109.1 154.5 119.0 131.4 
19 166.0 183.8 114.4 153.0 150.0 | 129.3 
20 161.4 189.1 116.2 167.4 137.6 | 140.3 
21 160.3 173.0 121.9 165.5 129.0 | 134.6 
Mittel 163.5 178.4 TALITY 159.5 130.2 133.1 


Leberfett-Fettsdaure im Vergleich mit derjenigen bei Normaldiat 
durehschnittlich um 70, die der Leberphosphatid-Fettsdure gleich- 
falls um 26, der Muskelfett-Fettsiure um 37 und der Muskel- 
phosphatid-Fettsiure um 6 zugenommen. Vergleicht man die 
Jodzahl der verschiedenen Fettstoffe des Fetus mit derselben bei 
Normaldiit, so ergibt sich, dass die der Fett-Fettsdure um 34 
und der Phosphatid-Fettséure um 19 zugenommen hat. 


EXPERIMENT 6. 


Wenn man die Jodzahl der Fettstoffe bei den mit Koko- 
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soldiit 20 Tage lang gefiitterten Ratten erforscht, so kommt 
man zu den in Tabelle VI gebenen Resultaten, Danach veran- 


TABELLE VI. 


Leber Muskel 
Tiernummer Fettsiure Fettsaiure 
Fett Phosphatid Fett Phosphatid 
BE) 75.9 163.0 65.7 155 
23 78.4 161.1 68.3 50.1 
24 63.4 165.9 63.0 

Ds 82.3 165.1 61.8 159.5 
26 59.3 150.1 55.8 150.3 
Mittel 71.9 161.0 62.9 Tey 


dert sich die Jodzahl der Phosphatid-Fettsaéure nicht, wohl aber 
zeigt die der Leber- und Muskelfett-Fettsdéure eine deutliche 


Verminderung. 


EXPERIMENT 7. 


Die Jodzahl der Fettstoffe von Mutterkorper und Feten wurde 
bei den mit Kokosoldiat 20 Tage lang gefiitterten Schwanger- 
schaftratten untersucht; die Ergebnisse sind in Tabelle VII 


TABELLE VII. 


Mutterkérper 


Fetus 
Leber Muskel 
Tieruummer 
Fettsiure Fettsaure Fettsiure 
Pho- Pho- - Pho- 
Heth Saohatid mie 6 a ephatids |i or) ° aeen at 
27 74.9 158.1 54,4 146.7 | 68.0 112.3 
28 79.3 163-45 G8 698s |, 153.9 4) 369: 115.4 
| | 

29 | . 68.6 170.5 51.8 143.1 74.3 109.6 
30 61.9 158.4 | 52.4 155.7 67.9 117.8 
31 | “804 167.9.) S15 1608 | 101.9 120.1 
32 69.9 160.5 | 53.9 159.0 74.9 120.6 
Mittel 72.5 163.9 | 59.0 153.2 75,9 116.0 
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angegeben. Danach hat die Jodzahl der Fett-Fettsiure sowohl 
der Leber sowie der Muskel des Mutterkorpers als auch der 
Feten im Vergleich zu der bei Normaldiait abgenommen, doch 
ist die Schwankung der Jodzahl bei der Phosphatid-Fettsaure 
nicht klar erkennbar. 

Stellt man nun die obigen Resultate zusammen, so ergibt 
sich, dass, wie in Tabelle VIII (Normalzeit) und Tabelle IX 


TABELLE VIII. 


Leber : Muskel 


Diet Fettsaure Fettsaiure 
Fett | Phosphatid Fett Phosphatid 
Normal] 98.3 Lia 80.3 152.6 
Lein6ol 175.0 170.3 123.6 165.9 
Kokosnussél 71.9 | 161.0 62.9 153.2 


TABELLE IX. 


Mutterkoérper 
aa aia Fetus 
Leber Muskel 
Diet it : eae lle ; ae 
Fettsiure Fettsaure Fettsaiure 
Pion hoz, | oa ~ Pho- 
Bett | spnatia | Fett | sphatia | Fett | sphatia_ 
Normal OP RT 152.0 80.4 153.5 95.8 114.4 
Leinol 163.5 178.4 inley 159.5 130.2 33.1 
Kokosnuss06l 72.5 163.9 59.0 153.2 75.9 116.0 


(Schwangerschaftzeit) gezeigt, die Muskel- sowie Leberfett-Fett- 
sdure des Mutterkorpers und die Fett-Fettsaure der Feten durch 
die Arten des Nahrungsfettes beeinflusst und ihre Jodzahlen sich 
verandern, und dass dabei die Phosphatid-Fettsaure des Mutter- 
kérpers sowie der Feten in ganz gleicher Weise beeinflusst 
werden. Namlich die Jodzahl nimmt bei Leindldiat zu, wahrend 
die Schwankung derselben bei Kokosoldiat nicht bedeutend ist. 


EXPERIMENT 8. 


Wie oben gesagt, kommt eine bedeutende Veranderung der 
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Jodzahl der Phosphatid-Fettsiiure des Mutterkérpers sowie der 
Feten bei Kokosélditat nicht zustande. Dies beruht darauf, dass 
die Jodzahl des Phosphatides sogar dann nicht schwankt, wenn 
auch die gesittigte Fettsiure des Kokoséls sich an dem Aufbau 
des Phosphatides wirklich beiteiligen sollte. 

Somit habe ich die Elaidinsiure, welche in ihren Higen- 
schaften der gesittigten Fettsiure ahnelt, ausgewahlt, und fol- 
gende Versuche angestellt, um zu erkennen, ob die Elaidinsaure 
als eine an dem Aufbau des Phosphatides sich beteiligende Fett- 
siure benutzt werden kann oder nicht. Zu diesem Zweck habe 
ich die Ratte mit Elaidinsiurediat geftittert, und nach einer 
Reihe von Tagen die Elaidinsaiure in Fettstoffen der Gewebe 
bestimmt. Bei Bestimmung der Elaidinsiure aus Organen der 
Ratte wurde mittels der Bleisalz-Alkoholmethode die Fettsadure 
in feste und fliissige Fettsaure getrennt, dann wurde die Jodzahl 
der festen Fettsiure gemessen und die Menge der Elaidinsaure 
in dieser berechnet. 

So wurden in erster Linie bei der mit Normaldiat geftit- 
terten Ratte Menge und Jodzahl der aus Leber- und Muskelfett- 
stoff-Fettsdure getrennten festen Fettsiure gemessen; auf diese 
Weise wurde die Menge der dieser beigemischten ungesattigten 
Fettsaure berechnet; die Resultate sind in Tabelle X (A u. B) 
angegeben. Wie aus dieser Tabelle ersichtlich ist, tiberschreitet 
die Jodzahl.der getrennten festen Fettsiure niemals 5, also be- 


TABELLE X. (A) 


Phosphatid-Fettsiure 


Leber Muskel 
Tiernummer $ = : 7 
Feste Fettsiiure Unge- Feste Fettsiure Unge- 
Sathigte™ | ee) a sattigte 
Menge Fettsaure| Menge | Petts 
Tadeo g ; ettsiure 
as ee ee) CN a GS) 
Ao 37.5 3.5 15 31.9 2.5 0.9 
A2 36.1 5.2 ilk 30.7 1.3 0.4 
A3 34.6 3.6 1.4 29.8 3.9 iL 
Mittel 36.0 4.1 1.9 30.8 2.6 0.8 


Uber den Einfluss der Nahrunesfette. 589 


TABELLE X. (B) 


Fett-Fettsiure 
Leber Muskel 
Tiernummer 
Feste Fettsiure ee Feste Fettsiure Unge- 
sattigte sattigte 
Menge Fettsaure; Menge Fettsaiure 
Al 10.0 2.5 0.3 20.7 m3) 0.8 
A2 18.1 6.5 Tes 26.0 5.0 1.4 
A3 21.8 2.6 0.6 27.7 3.1 1.0 
Mittel 16.6 3.9 0.7 24.8 4,2 ed: 


tragt die Menge der an der festen Fettsaure begleitenden ungesat- 
tigten Fettsaure gegeniiber derselben der Fettstoff-Fettsdiure nie- 
mals uber 2,1%. Dann wurden die gleichen Versuche an der mit 
Normaldiat geftitterten Schwangerschaftratte angestellt und die 
in Tabelle XI (A.u. B) angegebenen Resultate gewonnen. Dar- 
aus ist ersichtlich dass es sich bei den Leber- und Muskel-Fett- 
stoffen des Mutterkérpers ganz ebenso wie bei der Normalratte 
verhalt. Bei dem Fetus betragt die Jodzahl der festen Fettsaure 
beim Phosphatid durchschnittlich 6.7 und beim Fett 8.0, und die 
Menge der in der festen Fettsiure enthaltenden ungesattigten 
Fettsiure betragt gegentiber jener der Phosphatid- sowie Fett- 


Fettsaure respektiv 2.3% und 1.5%. 


TABELLE XI. (A) 


Phosphatid-Fettsaure 


Leber Muskel Fetus 
Maa = a ie 
ies 4 Feste £ © Feste we Feste me 
i ahaa Pettshure |: 3) Fettsiiure | £5 Fettsiure |£ 5 
SR On| eee ‘RO 1S “wa Lo 
a2 a se 
Menge| Jod- | {5 Menge| Jod- &® ~|Menge| Jod- 2 
(%) | zahl 5 Fy (%) | zahl 5 Fx (Jo) | zahl 5 
A4 27.4 6.7 ae 32.4 4.3 1.5 34.3 6.1 PEE 
AS 36.5 3.6 al 3.0 fers) 1.9 30.7 6.0 2.0 
A6 36.0 4.4 20.9 6.3 1.4 30.0 8.0 2.7 
Mittel 36.8 4.9 2.0 pes 6.0 1.6 Bae 6.7 2D 
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TABELLE XI. (B) 


Fett-Fettsiure 
Leber Muskel Fetus 
Jer. o o o 
oe ; Feste en 2 Feste “bo 2 Feste be 
nummer Fettsiure | 8 5 Fettsiure | £2 | Fettsiure | 2.3 
3 RS ee cee | Sa ES Fo eO 
g28 seb ge 
Menge| Jod- | o@~|Menge| Jod- | mo Menge| Jod- 9 © 
(%).| zahl | 6 Fy (%) | zahl | 8 Fy (Jo) | zabl | 
A4 i ia sa oO) 0.7 32.2 4.5 16 23.1 7.4 1.9 
Ad 2873 0.9 34.5 2.9 ial 15.3 8.7 1.5 
A6 27.2 3.5 ileal 28.1 3.0 0.9 12.4 7.8 11 
Mittel 22.4 3.8 0.9 31.6 3.0 1.2 16.9 8.0 1.5 


EXPERIMENT 9, 


Wenn wir an den Fettstoffen der Ratte, welche fiir 20 Tage 
mit dem um 20% Hlaidinsdure enthaltenden Grunddiat gefiittert 
worden ist, die gleichen Versuche wie die oben erwéhnten anstel- 
len, so werden die in Tabelle XII (Au. B) angegebenen Resultate 
gewonnen. Daraus kann man ersehen, dass die Jodzahlen der 
festen Fettsiure alle bedeutend zugenommen haben, indem sie 
je beim Leberphosphatid durchsnittlich 50.6, beim Muskelpho- 
sphatid 34.4, beim Leberfett 46.4 und beim Muskelfett 42.7 
betragt. Wenn die Menge der Elaidinsaiure berechnet wird, so 
belauft sie sich beim Leberphosphatid auf 20.7% und beim 


TABELLE XII (A) 


Phosphatid-Fettsaure 


Leber Muskel 
Tiernummer ; a as 

Feste Fettsiure | Blaidin- Feste Fettsiure Elaidin- 

ig Menge eee ae Menge ee 

: : (%) Jodzahl ; (%) (%) Jokzahl (%) 

AT | 37.0 55.6 22.9 28.7 43.2 13.8 

A8 36.0 40.6 16.2 25.5 31.0 8.8 

AQ By 55.8 2301 27.3 28.6 8.7 

Mittel 36.7 50.6 20.7 27.2, 34.3 10.4 
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TABELLE XII, (B) 


Fett-Fettsiure 
Leber Muskel 
Tiernummer 
Feste Fettsdure Elaidin- Feste Fettsiure Elaidin- 

Menge saure Menge saiure 

AT 8.3 59.9 5.0 34,3 48.0 18.3 

A8 22.8 40.4 10.3 38.5 46.5 19.9 

AQ 9.7 38.8 4.9 30.4 33.5 3 
Mittel 13.6 46.4 6.7 34.4 42.7 16.5 


Muskelphosphatid auf 10.4%. 

Die gleichen Versuche wurden dann bei der mit Elaidin- 
sdurediat ftir 20 Tage gefiitterten Schwangerschaftratte aus- 
gefthrt; die Resultate sind in Tabelle XIII (Au. B) angegeben. 
Demnach ist die Hlaidinséure beim Leberphosphatid des Mut- 
terkorpers zu 14.8%, beim Muskelphosphatid zu 8.0%, beim 
Leberfett zu 9.7% und beim Muskelfett zu 14.6% enthalten. 
Beim Fetus nimmt die Jodzahl der festen Fettsaure auffallig zu, 
indem die des Phosphatides 20.1 und die des Fettes 21.3 betragt; 
die Menge der Elaidinsaéure sowohl in der Phosphatid-Fettsaure 
als auch Fett-Fettsiure zeigt respektiv 5.8% und 4.7%. 

Aus den obigen Experimenten geht deutlich hervor, dass 


TABELLE XIII, (A) 


Phosphatid-Fettsiure 
Leber Muskel Fetus 

. ie o = 2 

me ‘ Feste x Feste 4 Feste a 
peas Fettsaure ae Fettsaure oe Fettsiure ies 
Ayo a eS 
Sa | eS Se AS 

Menge] Jod- 5 ~~ |Menge| Jod- 5 ~~ |Menge| Jod- 5 

(%) zahl a (%) zahl 3 (Jo) zahl as 
Al16 45.5 17.0 8.6 25.5 24.9 ve 28.2 10.8 3.4 
All 35.2 43.9 17.2 21.8 25.9 6.3 24.3 23.5 # 
Al2 39.9 42.0 18.6 38.9 33.5 10.6 26.6 25.9 Tart 
Mittel 40.2 34.3 14.8 28.7 27.4 8.0 26.4 20.1 5.8 
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TABELLE XIII. (B) 


Fett-Fettsaure 


Leber Muskel Fetus 
ae a E 
ere : Feste z Feste 2 Feste | 
vee esi Fettsaure ee Fettsaure oe Fettsaure % ~ 
ETS CRETE rete =o 
Menge| Jod- — Menge| Jod- | -3 Menge; Jod- | - 
(%) | zahl a (%) | zabl ia (%) | zahl a 


A10 14.3 41.7 34.8 35.8 13.9 10.0 13.3 1.5 
Add 19.6 54.3 34.8 40.3 15.6 15.9 21.0 3.7 
A12 20.7 47.2 10.8 31.7 40.5 14.3 26.7 PANT 8.8 


H 
ge SD 
com 


Mittel 18.2 47.7 si 33.8 38.9 14.6 17.5 21.3 4.7 


bei der Ratte die mit der Nahrung dargereichte Elaidinsaéure 
nicht nur als Fettsiure an dem Aufbau des Phosphatids sowie 
Fettes von Leber und Muskel des Mutterkorpers Anteil nimmt, 
sondern auch unverdndert die Plazenta durchziehend ebenso als 
Fettsiure zum Aufbau des Phosphatides sowie Fettes des Fetus 
angewandt wird. : . 

Aus der Tatsache, dass die Hlaidinsdéure, welche in ihren 
Higenschaften der gesattigten Fettséure sehr nahesteht, sich auf 
diese Weise am Aufbau des Phosphatides und Fettes von der 
Ratte beteiligen kann, kann man wohl schliessen, dass die gesat- 
tigte Fettsdure in der Nahrung gleichfalls auch zum Aufbau des 
Phosphatides und Fettes angewandt werden kann. 


ZUSAMMENFASSUNG. 


1) Wenn man die Ratte mit Leinol ftittert, so steigt. die 
Jodzahl der Fett-Fettsaure sowohl des Mutterkorpers als auch 
des Fetus, wahrend sie bei Kokosol sinkt. 

2) Bei der ebenfalls mit Leinol gefiitterten Ratte ist die 
Jodzahl der Phosphatid-Fettsdure sowohl des Mutterkérpers als 
auch des Fetus hoch, aber bei der Kokosélfiitterung ist die Ver- 
anderung der betreffenden Jodzahl nicht deutlich. 

3) Wenn man die Ratte mit Hlaidinsaurediat fiittert, so 
beteiligt sich die genannte Siure am Aufbau der Phosphatide 
sowohl des Mutterkérpers als auch des Fetus. 
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ScHLuss. 


Aus obigen Tatsachen geschlossen nimmt die Fettséure im 
Nahrungsfett die Plazenta unverandert passierend an der Zusam- 
mensetzung des Phosphatides des Fetus Anteil. 

Zum Schluss spreche ich Herrn Prof. Dr. Y. Sueyoshi fir 
seine Anregung und Anleitung zu dieser Arbeit und Herrn Prof. 
Dr. K. Ando fiir die liebenswiirdige Untersttitzung meinen bes- 
ten Dank aus. 
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I. InrrRopuction. 


It was reported from this laboratory by Kadzuo Kimi- 
dzuka (1933) that the pure lecithin prepared by the cadmium 
method has neither the property of the antibody inducer, nor 
that of the antibody detector, and also that the hydrogenated 
erude phosphohpin can be separated into the chloroform soluble 
fraction which shows no antigenic character and the water soluble 
fraction which has an antibody detecting character. Owing to 
the lack of substance the antigen inducing property of this 
water soluble fraction was not tested by Kimidzuka. I have 
therefore untertaken to get a large amount of this water-soluble 
fraction and to test its antibody inducing character. The che- 
mical nature of this substance was also studied in this experiment. 


Il. THE IMMUNISATION WITH A CRUDE LECITHIN. 


1. The preparation of crude lecithin. 


The yolks of 600 fresh eggs were separated from the white, 
passed through a fine linen gauze, added with 2 times its 
weight of pure aceton, thoroughly shaken and put into the ice 
chest until next morning. After filtration, the precipitate was 
dried over a water bath to free it from aceton. To this dry 
powder about 2-3 times its weight pure alcohol were added and 
well shaken for several hours. After the stay in the ice chest 
the extract was filtered clearly and condensed in vacuum at a 
temperature not exceeding 40° to a syrupy consistency under a 
slow current of carbon dioxide. The residue was dissolved into 
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a very small amount of ether and precipitated with the additon 
of an excess of aceton. The solution with ether and the precipita- 
tion with aceton were repeated three times. The preparation 
thus obtained was called “ crude lecithin’’ and preserved under 
aceton in a brown coloured bottle in an ice chest. 


2. Immunisation with the crude lecithin. 


Albino rabbits weighing about 2.5 Kilo-grams and showing 
no complement fixation reaction were used throughout this study 
for the immunisation experiments. 

3 ee. of 10 per cent crude lecithin alcoholic solution were added 
to 80cce. of 5 per cent solution of pig serum in physiological 
saline solution, and well mixed immediately. To keep the lipoid 
emulsion better sodium oleate was added also in proportion of 
0.5 per cent. After the lapse of one hour 1 cc. of the mixture 
was injected into the ear vein for a week, and after an inter- 
mission of five days, injections were repeated again for a week. 
The procedure was repeated again, so that 21 injections were 
made in all. 5-7 days after the last injection, the blood was 
taken out and tested by complement fixation reaction. 


3. The complement fixation reaction. 


The complement fixation reaction was performed by the 
Browning Method. The antiserum was inactivated by heating 
it at 56° for 30 minutes, and diluted 10 times with physiological 
saline solution. As the antibody detector dilute lecithin solution 
was made by diluting 1 per cent alcoholic lecithin solution 30 
times with physiological saline solution. Guinea pig serum was 
used always as the complement, and the amount of it, which 
was sufficient to hemolyse 0.5 ce. of 3 per cent ox red corpuscle 
Suspension in the presence of 5 units of hemolysin, was taken 
as one unit. The hemolytic system was composed of lee. of 3 
per cent ox red corpuscle suspension, made of physiological saline 
solution, and 5 units of hemolysin. 

In a series of test tubes, 0.5 ce. of antibody detector, 0.5 ee. 
of 10 per cent antiserum, and increasing amounts of complement 
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as 2, 4, 6, 8 units were put in and well mixed. After allowing 
for 1.5 hours at 37°, with agitation at intervals 0.5 cc. of the 
sensitized corpuscle suspension were added and the tubes were 
put in the incubator at 37° for 1.25 hours, to test the degree 
of hemolysis at the end of that time, 

The result of this experiment is shown in Table I. 


TABLE I. 


Complement fixation reaction. 
Antibody inducer: erude lecithin. 
Antibody detector: crude lecithin. 


Unit of complement Antibody Bisod a . 
Rabbit No. detector fr eee 
2 4 6 8 + complement Pp 
212 ~ 5 + tH it oy 
213 - = 5 He tt a 
214 = = + tt By us 


As can be seen from the table crude lecithin can induce 
the antibody production within the rabbit’s body when repeatedly 
injected with pig serum, and the antibody thus obtained combines 
with crude lecithin, as the latter is used as an antibody detector. 


IlJ.. THE ANTIGENIC CHARACTER OF HYDROGENATED LECITHIN. 


1. The hydrogenation of lecithin. 


About 2em. of platinum black were suspended in 150 ee. 
of 2 per cent alcoholic lecithin solution and the mixture was 
saturated at 60-70° with hydrogen gas, which was purified by 
bubbling through saturated mercuric chloride solution, 2 per 
cent potassium permanganate solution and 5 per cent sodium 
hydroxide solution in succession. After the disappearence of the 
yellowish colour of the alcoholic solution, which occurred usually 
when the current of hydrogen was passed for 20-30 minutes, the 
hydrogen gas was bubbled through one hour more, and then the 
mixture was left for the sedimentation of platinum black at 60- 
70° for 30 minutes. The filterate freed from platinum black was 
colourless and the white precipitate of hydro-lecithin separated 
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out as cooling proceded. The supernatant liquid was hydrogenated 
again as above, and the filtrate of the second hydrolecithin 
precipitate was evaporated in vacuum, mixed with hydrolecithin 
precipitated formerly, separated, and powdered dry. This pre- 
paration was called “crude hydrogenated lecithin’’. Its N:P 
ratio was 1.49 and the iodine number was found as 3.3. 


2. The immunisation test with crude hydrogenated lecithin. 


5ec. of hot 10 per cent solution of crude hydrogenated 
lecithin were put into 40ce. of 5 per cent glucose solution 
containing sodium oleate in an amount of 0.5 per cent. After 
cooling 2.5 ce. of pig serum were added, and filled to 50 ce. with 
5 per cent glucose solution. The mixture was put aside in an 
ordinary temperature for an hour, and 10 cee. of it were injected 
into each rabbit in the same manner as in the case of immunis- 
ation with crude lecithin. 


3. Browning’s complement fixation test with antiserum 
obtained against crude hydrogenated lecithin. 


Antiserum obtained by the immunisation for crude hydro- 
eenated lecithin was tested by the Browning complement fixa- 
tion test with crude hydrogenated lecithin as an antibody 
detector. The latter was made by mixing 1 ce. of 1 per cent hot 
alcoholic crude lecithin solution with 380ce. of hot distilled 
water, and 0.5 ce. was used after cooling. Directly prior to the 
addition of sensitized red corpuscles it was added with 0.5 ee. 
of 1.8 per cent saline solution. 

The result of the test is given in Table IT. 


TABLE II. 


Browning’s test with crude hydrogenated lecithin antiserum 
and crude hydrogenated lecithin as detector. 


Units of complement 
Rabbit No. Detector Serum 
9 4 | ¢ |g | t¢omplement | + complement 
215 - - + H+ | Ht it 
216 a = a tt Ht Ht 
oe! : eS 5 tH “Ih 4H 
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As the table shows the antibody inducing character of erude 
lecithin is not destroyed by hydrogenation. It is rather aug- 
mented, perhaps by the change of its physical character as an 
antibody detector. 


IV. THE ISOLATION OF THE WATER SOLUBLE FRACTION OF 
HYDROGENATED CRUDE LECITHIN. 


The hydrogenated crude lecithin obtained as above was 
dissolved in chloroform and after the addition of a small amount 
of aleohol was extracted with water at pH—=2 several times. 
The chloroform fraction was evaporated dry in vacuum at a 
temperature not exceeding 40° and recrystalized 3 times with 
acetic ether. The water fraction was washed with chloroform 
many times, neutralized and evaporated dry in vacuum. The 
residue was thoroughly extracted again by ether and chloroform. 
This water soluble, chloroform insoluble fraction was a light yellow 
powder, and weighed about 8.2gm. It showed Hopkins-Cole’s, 
Millon’s, Biuret and lead sulphide reaction. Ninhydrin reaction 
was negative. It showed also precipitation with sulphosalicyle 
acid and trichloracetie acid. With picric acid a slight turbidity 
was observed. Molish’s carbohydrate reaction was negative. 
Lecithin and cholin were absent. The analytical data obtained 
were as follows: 


Ash 56.3 Yo 
Total nitrogen 6.31 
Amino-N 4.06 
Phosphorus 0.0082 
Sulphur 0.17 


When the substance was dissolved in a small amount of 
water and separated by the addition of trichloracetie acid, the 
nonprecipitated portion contained 0.5 per cent total nitrogen 
and 0.348 per cent aminonitrogen. Phosphorus and sulphur were 
almost entirely precipitated by trichloracetic acid. 


V. THE ANTIGENIC PROPERTY OF THE WATER SOLUBLE 
FRACTION OF CRUDE HYDROGENATED LECITHIN. 


With the water soluble fraction isolated as described in the 
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preceding section the immunisation test was performed. Rabbits 
were injected either with 2ce. of its 1 per cent solution, made 
of physiological salt solution, or with 5 ce. of a mixture, which 
consisted of 4 ce. of its 2 per cent (saline) solution and 16 ce. of 
10 per cent pig serum allowed to stand for one hour at ordinary 
temperature. The method of immunisation remained the same 
as in the case of impure lecithin. The Browning complement 
fixation tests were performed with this immum serum. The water 
soluble portion of hydrogenated impure lecithin, impure lecithin 
and hydrogenated impure lecithin were used as antibody dectec- 
tors. The water soluble portion of hydrogenated impure lecithin 
was also used as an antibody detector for antiserum obtained 
against impure lecithin or hydrogenated impure lecithin. The 
results are shown in Table III. 


TABLE TET. 


Complement fixation test with water soluble portion of hydrogenated 
impure lecithin either as antibody inducer or as antibody detector. 


1. Antibody inducer: Water soluble portion of hydrogenated impure lecithin. 
Antibody detector: The same. 


Units of complement 
Rabbit No. Detector Serum 
9 4 6 8 + complement | + complement 
202 = = + it t Ht 
203 = ae ++ He t tH 
204 - — + +H +h tHe 


2. Inducer: Water soluble portion of hydrogenated impure lecithin + Pig serum. 
Detector: Water soluble portion. 


Units of complement 
Rabbit No. Detector Serum 
2 4 6 8 + complement | + complement 
205 = = tr tt tHe ate 


On the Antigenic Substance Contaminated. 


601 
3. Inducer: Water soluble portion of hydrogenated impure lecithin, 
Detector: Hydrogenated impure lecithin. 
Units of complement 
Rabbit No. Detector Serum 
9 4 6 8 +complement | + complement 
202 = = Ht st Ht Ht 
203 — at ttt Ht Ht Ht 
204 = fa Ht Ht tt Ht 
4. Inducer: Impure lecithin. ; 
Detector: Water soluble portion of hydrogenated impure lecithin. 
Units of complement 
on se Detector Serum 
Rabbit No. 
2 A 6 8 + complement | + complement 
212 - + + +H Ht Ht 
213 = = 3 Ht Ht att 
214 = = Ate +t sit Ht 
5. Inducer: Hydrogenated impure lecithin. 
Detector: Water soluble portion of hydrated impure lecithin. 
Jnits of 1 L 
ee Units of complemen hee Serie 
No. 2 | i | 6 | 8 + complement | +complement 
7 a + ++ Ht Ht 
216 —- — ate Ht i tH 
217 - - 4 4H tHe 


As is clear 


from these experiments the water soluble portion 


of hydrogenated crude lecithin shows an entire character of 


antigen. 


VI. 


IMPURE LECITHIN AND ITS WATER 


PORTION WITH OVOVITELLIN. 


As we have seen the water soluble portion of impure lecithin 


THE IDENTITY OF IMMUNOLOGICAL PROPERTIES OF 
SOLUBLE 


has the protein nature; it seems quite possible that this might 
be due to a portion of ovovitellin which migrated into the 
ether and alcohol during the preparation of lecithin and conta- 
minated the lecithin as an impurity. 
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To decide whether this possibility is really occuring or not 
T have prepared pure ovovitellin free from lecithin and compared 
the immunological properties between this pure ovovitellin and 
the water soluble portion of hydrogenated impure lecithin. 


1. The preparation of ovovitellin free from lecithin. 

Ovovitellin was prepared by the method of Levene and 
Alsberg (1901). Yolks, freed from egg white as completely as 
possible, were pushed through gauze and well mixed with an 
equal amount of 10 per cent sodium chloride solution and shaken 
thoroughly with about half its volume of ether. After placing 
in an ice chest for 24 hours, the ether layer was withdrwan 
and treated with a fresh portion of ether. This extraction with 
ether was repeated three times. The water layer was then added 
to 20 times its volume of water. The resultant precipitate was 
separated from water after several hours, well shaken with a large 
quantity of water and separated again from the water. The pre- 
cipitate was then dissolved into 10 per cent NaCl solution, and 
the resulting solution was washed thoroughly with ether several 
times. The watery solution was filtered and into the filtrate a 
large amount of water was added. The precipitate obtained was 
freed from water by thorough centrifigation, dried by ventilation 
under 40° and well washed with ether. Ovovitellin thus obtained 
gave the following analytical result. 


Total nitrogen 16.81 % 
Phosphorus 1.22 
Sulphur 0.6 


The solution of this ovovitellin gave no precipitation either 
with cadmium chloride or iodine solution, indicating that it was 
entirely free from lecithin and choline. 


2. The immunological reaction of immun serum against 
ovovitellin with crude lecithin and water soluble 
portion of hydrogenated crude lecithin. 

Rabbits were immunised with this ovovitellin and immun 
serum obtained was tested against ovovitellin, crude lecithin and 
water soluble portion of hydrogenated erude lecithin. 
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TABLE IV. 
Complement fixation test between ovovitellin antiserum and 
ovovitellin, crude lecithin or water soluble portion of 
hydrated crude lecithin. 
1. Antibody producer: Ovovitellin. 
Antibody detector: Ovovitellin. 
Units of complement 
Rabbit No os ae z Detector Serum 
: x P : +complement | + complement 
226 - _ = = ih tt 
227 - - - = ttt tHe 
228 _ - - > Ht a 
2. Antibody producer: Ovovitellin. 
Antibody detector: Crude lecithin. 

Seas. Units of complement Totceton Ponuka 
Rabbit No. : | é g | +¢omplement| + complement 
226 — = = ++ Ht tt 
227 — _ = Ht Ht tt 
228 _ = | a tH tH oF 

3. Antibody producer: Ovovitellin. 

Antibody detector: Hydrogenated crude lecithin. 
Units of complement Detector Coen 
Rabbit No. + complement | + complement 
2 4 6 8 

226 _ c= = tt t Ht 

227 ~ - = + , ue 

228 = Sa Efe Ht Ht Ht 
4. Antibody producer: Ovovitellin. 


Antibody detector: 


Water soluble portion, of hydrogenated crude lecithin. 


Units of complement Dotector Serans 
Rabbit No. +complement | +complement 
2 4 6 8 
226 = = +r tte tHe tr 
227 = = i tf set is 
228 = a +t +t +H tt 
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3. Immunological reaction of immun serum obtained against 
crude lecithin or water soluble portion of hydrogenated 
crude lecithin against ovovitellin as antibody detector. 


I have also tested the effectiveness of ovovitellin, freed 
entirely from ether soluble substance, as the antibody detector 
against the immune serum obtained by repeated injections of 
crude lecithin or the water soluble portion of hydrogenated crude 


lecithine. 


“RU NEAD Oh. Wh 


Complement fixation test between crude lecithin antiserum and ovovitellin. 
1. Antibody producer: Crude lecithin. 
Antibody detector: Ovovitellin. 


Units of complement 
Rabbit No Detector Serum 
: x 4 | 6 8 +complement | + complement 
212 + + tt 4h 7 ; 
213 - - a Ht 4h Hh 
214 = = 4 4h 4h 7 


2. Antibody producer: Water soluble portion of hydrogenated 
erude lecithin. 
Antibody detector: Ovovitellin. 


Units of complement 
Rabbit No. Detector Serum 
9 4 6 8 + complement | + complement 
202 Ta + +h atte air aT 
203 == R + +4 ty di, ate 


The result of this section and that of the preceding section — 
indicates to us that the proteie substance contained in the water 
soluble portion of hydrogenated crude lecithin is no other 
substance than ovovitelline, which is contaminated in lecithin 
in the course of its preparation. 
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VII. THE IMMUNOLOGICAL TEST BETWEEN CRUDE 
LECITHIN, PURE LECITHIN AND CASEINOGEN. 


Pure lecithin was prepared by the method of Levene and 
West (1918). This pure lecithin was found entirely inactive 
as antibody an detector as is shown already by Kmidzuka. I 
have also prepared pure caseinogen and antiserum was obtained 
against this caseinogen. For this anticaseinogen serum water 
soluble portion of hydrogenated crude lecithin was found entirely 
inactive as an antibody detector. 


TABLE VI. 


Complement fixation test between water soluble portion of hydrogenated 
erude lecithin and pure lecithin or caseinogen. 
1. Antibody producer: Water soluble portion of hydrogenated 
erude lecithin. 
Antibody detector: Purified lecithin. 


Units of complement 
Rabbit No Detector Serum 
, 2 4 6 8 +complement | +complement 


2. Antibody producer: Caseinogen. 
Antibody detector: Water soluble portion of hydrogenated 
erude lecithin. 


Units of complement Detector Serum 
Rabbit No. 5 ji - g | + complement | + complement 
220 “ih tH tH sa ig a 
221 4 Ht te it a 4 
299 Ht a 4 tt a gs 


These findings clearly show us that purified lecithin lacks 
the substance which serves as antibody detector against antiserum 
obtained by the water soluble portion of hydrogenated crude 
lecithin and also that the water soluble portion of hydrogenated 
crude lecithin acts specifically only to antiovovitellin serum as 
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an antibody detector, while it is entirely inactive against anti- 


caseinogen serum. 


VIII. THE CoNcLUSION. 


The above mentioned results clearly indicate the fact that 
the substance which enables crude lecithin or its hydrogenated 
product to act as an antibody producer is of protein nature 
and it contains at least ovovitellin as one of its immunologically 
active substances. The possibility of the presence of protein 
other than ovovitellin is not naturally excluded in these ex- 
periments. 


SUMMARY. 


1. Hydrogenated crude lecithin has an antigenic character. 

2. Hydrogenated crude lecithin can be separated into the 
chloroform soluble portion and water soluble portion. The chlo- 
roform portion is entirely inactive as antigen, while the water 
soluble portion acts as antigen. 

3. The water soluble portion contain proteic substance. 

4. The water soluble proteic substance of crude lecithin 
is found to contain ovovitellin by immunological test. 


1 wish to express my most sincere thanks to Professor S. 
Kakiuchi for his kind advice and encouragement in carrying 
out this investigation. 
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I. InrTRoDUCTION. 


The chemical reactions of amino acids, peptides and pro- 
teins with sugars have been investigated under various conditions 
by several sorts of methods, and have become one of the funda 
menta] problems of the day. 

From the change of optica] rotation in the lapse of time, 
it has been observed by Neuberg and his associates (1925, 1926, 
1927) that fructose combines promptly with amino acids at pH 
7, while Euler and his collaborators* (1926) reported that glucose 
combines slowly but more abundantly with amino acids in alka- 
line reaction (pH 7, 8, 9). And Euler caleulated from the 
degree of the freezing point depression the grade of the com- 
bination between them. Giedroyé, Cichoncka and Mystko- 
wski (1935), Przylecki, Cichoncka and Rafolowska (1936) 
also observed the change of optical! rotation, while Weber and 
Versmold (1931) determined the freezing point depression. 
Borsook, Wasteneys (1925), Euler, Brunius and Joseph- 
son (1926) and Lieben and Getreuer (1932) found that 
amino acids, peptides and proteins have the ability of reducing 
methylenblue in neutral, or slightly acidic reactions, when in- 
cubated with glucose at pH 7, 8, 8.5, and Lieben and Get- 
reuer assumed that they form Schiff’s base and then take up 
a water molecule at their double bond and play the role of 
hydrogen donator. By means of van Slyke’s amino-N measur- 
ing method, Borsook and Wasteneys (Il. ¢.) observed that, 
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after 48 hours incubation at 37°C, of the solutions eontaining 
pepton and glucose, or glycocoll and glucose, there is a decrease 
of the amount of amino-N, and that its amount is more pro- 
nounced in a more alkaline medium, the pH of the solution 
changing from 6.3 to 8.4 in the former solution and from 7.8 
to 11.0 in the latter. Using the same method, Waldschmidt- 
Leitz and Rauchalles (1928) pointed out that the combina- 
tion between dipeptides and glucose was maximum at pH 8, and 
they concluded that this fact confirms the opinion that an active 
eroup of dipeptidase has the nature of aldehyde. In the case 
of polysaccharid the combination of amino acids or proteins 
with sugars is studied by means of the phenomena of “Koazer- 
vation ’’ (Jong and his collaborators: 1929, 1930, 1932), and 
adsorption (Przylecki and his associates: 19382, 1933, 19384, 
1935, 1986). Concerning the irreversible reactions which take 
place in a strong alkaline medium or at high temperature, 
Watanabe (1932) investigated this very thoroughly. 

The results of the experiments so far referred to and others 
coincide in the point that amino acids combine with glucose or 
so more abundantly in thee more alkaline medium, and_ this 
secms to be the very natural consequence of the Bjerrum’s 
Zwitterion construction of amino acids (1923). But the result 
of Waldschmidt-Leitz and Rauchalles, stating that the 
combination of dipeptides with glucose has the maximum at pH 
8 is very curious viewed from this conception and also from the 
fact that the method of formol titration is widely applied to the 
determination of amino-N of peptides. Therefore, it is a matter 
of interest and of importance to investigate more throughly the 
change of the amount of amino-N in the mixture of amino 
acids or, especially, peptides and sugar in the course of time. 
If the result of Waldschmidt-Leitz and Rauchalles is 
really asserted, our conception of the molecular, especially the 


electric, structure of amino acids and peptides is surely to be 
modified. 
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II. Margrian anp Merron. 


In 1 litre buffer solution containing 45 gm. of KH.PO. for 
enzym study (Kahlbaum) and 95 em. of citric acid for analyse 
(Kahlbaum), amino acid or peptide is dissolved in about 0.018 
mol with sugar in about 0.9mol. When amine is used in place 
of amino acid and peptide its concentration is made approxi- 
mately 0.009 mol. Amino acids used are glycocoll (Merck) and 
hydrochloride of ¢-aminocaproniec acid prepared from eyeclo- 
hexanon according to Wallach’s method by Dr. Y. Muté of 
this institute, to whom I am indebted to express sincere thanks. 
For peptide, Frankel’s glyevlglycin and 1-leucylelycylglycin are 
used, and for amine, methylamine (Merck) and isobutylamine 
(Schuchardt). Kahlbaum’s glucose, Merck’s fructose and galac- 
tose are used as sugar. The pH of the solutions are adjusted by 
the addition of 4n NaOH solution to about pH 7, 8, 9, and esti- 
mated by the “ Toyo pH test paper ’’, the accuracy of which 
is +pH 0.1 or so. When heavy water is used 99.55% deuterium 
oxyde (dj?=1.1049) of Norsk Hydro-Elektrisk is adopted, diluted 
roughly to 50%. 

These solutions containing either amino acid, peptide or amine 
and sugar at pH 7, 8,9 are allowed to stand in stoppered Hr- 
lenmeyer’s flasks for 1 or 2 days at ordinary temperature, 
during which, from time to time, 2cc. of the mixture are trans- 
fered to van Slyke’s apparatus and the amino-N is measured. 


Ill. Tur CHANGE IN THE AMOUNT OF AMINO-N WITH 
THE LAPSE OF TIME. 


1. Glycocoll+ glucose. 

The whole resuits are shown in Table I and Fig. 1. 

As is seen from the table and figure amino-N decreases the 
more the higher the pH value of the solution is, and the equili- 
brium is attained after 2 or 3 hours at pH 7 and 8, while at 
pH 9 it is attained only after more than 9 or 10 hours. For 
convenience sake I shall call this type of change of amino-N 
the “amino acid type’’. At pH 9.6, or probably a little greater 
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than 9.6, the amount of amino-N measured from the 6th hour 
onwards differs, whether or not the content of the Erlenmeyer’s 
flask is shaken immediately before it is transfered to van 
Slyke’s apparatus. Perhaps this may be.due to some decom- 
position reaction, but it remains unstudied. So far as the 
reaction is adjusted only to pH 9 no such decomposition seems 
to take place under such conditions. 

These whole results coincide with those in the papers by 
previous authors referred to aboved and may be explained by 
the conception of Zwitterion of Bjerrum. 


TABLE I. 


Glycocoll+ glucose (0.018 mol: 0.9 mol) 


Time Nz cc. (760 mm, 22°C) 

(hours) pH 7 pH 8 pH 9 pH 9.6% | control** 
0.2 me we = 0.86 
0.5 0.835 0.85 0.785 0.79 = 
1 0.84 0.82 0.74 0.71 fe 
15 0.835 0.80 0.69 0.63 = 
2 0.825 0.785 0.67 0.58 a 
3 0.84 0.785 0.645 0.49 = 
4 0.83 0.78 0.585 0.435 0.855 
5 0.83 = 0.545 0.39 a= 
6 0.84 0.78 0.52 0.35 = 
8 0.83 = 0.49 0.335 — 
9 a = = 0.305 af 

10 = = 0.49 0.33 — 
30 0.835 s = = Se 
32 =e 2 = z= 0.86 
33 Zs 078 0.48 a zs 
51 ad = = 0.20 -- 


This pH value is not exact, the true value may be a little greater. 
From the 6th hour onwards, the readings of the volume of Ne gas are dif- 
ferent whether or not the flask is shaken immediately before transference of 
samples of 2c¢c. to van Slyke’s apparatus, and the readings of this region are 
not all given in Table I but in Fig, 1. 
**  Glyeocoll only. pH is 9. 
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Fig. 1. Glycocoll+ glucose. 


1 
hoth components are dissolved at the same time ~oor==-- at first, glyeocoll only is dissolved 
a e(pH 7) (pil 8) e(pH 9) +(pll 6.5) and/afte 2 3 
© (pH.9.6, solution is shaken immediately nae ae a relcoce nib jadied, 
before each determination ) o(pH 7) (pH 8) o(pH 9) 
0.9 


Control 
—>«0).86 (32h) 


40.78 (33h) 


ot \We 
0.65 o 
0.5 : = ° 
£0°48 (33h) 
0.48 (51b) 
i : 
y, ee 
ef 5 af eS 
a Os So 9.6 A 
| = a ae ice Wee eee 
0.2 SSS. ee eo ee ee 0.20 (51h) 
oe 
Oo. 1 ea! Method. i 1 1 1 ee ee 1 rn 1 
23 Aon 6 re Se OPI 1295) sH15 a6 1 18 19°20-21 22°23" 2425: 26) 27) 28° 29-30 
——> hours 


2. Glycylglycin + glucose. 

The results are given in Table II and Fig. 2. 

The mode of curves are profoundly different from those of 
the previous series containing glycocoll and glucose, namely, 
while the change of the amount of amino-N is more accelerated 
at pH 8 than at pH 7, it is very retarded at pH 9. These 
results coincide exactly with those of Waldschmidt-Leitz 
and Rauchalies. After about 12 hours however the amount 
of change at pH 9 becomes larger than of that at pH 7, and 
after about 28 hours more than of that at pH 8. Therefore, 
after the lapse of about 28 hours, the effect of pH of the solution 
becomes the same as that by glycocoll. I shall call this type 
of curve the ‘“ dipeptide type.’’ 

In this case, at pH 7 and 8, the equilibrium was attained 
after several hours, while at pH 9 the equilibrium was not 
attained so far as the experiment continued. 

3. J|-leucylglyeylglycin + glucose. 

The results are recorded in Table III and Fig. 3. 

Here the effect of pH is entirely reverse to that of the 
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amino acid type until after the lapse of 5 or 6 hours. 
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All 


differences between the amino acid type and the dipeptide 
type have become more manifest, and the change of amino-N 
at pH 9 remains smaller than of that at pH 7 even after 75 


hours. 
TABLE II. 
Glyeylglycin+ glucose (0.018 mol: 0.9 mol) 
moe N,. ce. (760 mm, 22°C) 

(hours) pH 6.5 pH 7 pH 8 pH 8.3* | pH 9 control** 
We es = = = = 1.07 
0.5 0.96 0.89 0.91 0.915 0.99 _ 
i 0.89 0.83 0.82 0.805 0.97 = 
1.5 0.84 0.77 0.72 — 0.95 = 
2 0.81 0.71 0.67 0.67 0.90 = 
3 0.76 0.64 0.59 = 0.87 = 
4 0.72 0.59 0.50 0.505 0.80 1.07 
5 0.72 0.53 0.44 == 0.77 = 
6 0.72 0.53 0.38 0.38 0.71 — 
Tf 0.72 0.54 0.375 — 0.71 == 
8 = 0.54 0.365 — 0.68 = 
9 = = = aa) 0.61 = 

10 = = — = 0.59 = 
11 = = = = 0.56 — 
23 = = = ae 0.384 = 
24 ox aa = = 0.33 — 
25 a oe — — 0.32 — 
26.5 = 0.54 es — — — 
PY $5) — = — 0.28 — — 
32 aaa 0.54 — — — — 
320 -- -- = -- as 1.065 
44 soa = = 0.29 — — 
48 = = 0.30 = — =, 
49 — a 0.30 — — es 
122.5 = = = = 0.41 = 


cd 


This series is not given in Fig. 2, in 
Glyeylelyein only. pH is 9. 


order to simplify the figure. 
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Fig. 


to 


Glyeylglycin + glucose. 


Coiled 1,065 (32.5h) 


—— both components are dissolved at the 
same time 
+(pH 6.5) e(pH 7) 4(pH 8) 8(pH 9) 
sreeeceeee at first, glycylglycin only is dissolved, 
and after 26 hours glucose is added. 


o(pH 7) 


4(pH 8)  o(plt 9) 


|_->00.54 (32h) 


O.4- 


+2 (),30 (49h) 


ost 11 (122,5h) 


Si See ee Ee a ee eee ee ee ee Se a re 
D238) 4 b GT (8 O10. 1213 1445-16 17 AB! 10) 20).23) 22 23 24) 25 (20427 (28) 26 30 


——— hours 
These types of curves I shall call the “ tripeptide type.’’ 

All these results together with that of dipeptides, clearly 
indicate, that the peptide linkage may play an important role 
in the interessant and regular change of order of curves. 

4. ¢-Aminocapronic acid+glucose (Table IV and Fig. 4). 

Three different solutions at pH 7, 8 and 9 are prepared and 
after 4 hours the amino-N is measured. 

Although the amino group and carboxy] group are far apart 
in ¢-aminocapronic acid as in di- and tripeptide, the reaction 
modus belongs to the amino acid type, suggesting that the 
difference between the amino acid type and the di- or tripeptide 
type is probably due to peptide linkage. * 

5. Glyeylglycin+galactose (Table IV and Fig. 4). 

Three different solutions at pH 7, 8 and 9 are measured 1 
hour and 42 minutes after their preparation. There is no signi- 
ficant difference between glucose and galactose. 

6. Glycocoll+glucose in 50% heavy water (Table IV aitd 
Fig. 4). 

Three solutions at pH 7, 8 and 9 containing 50% heavy 
water are prepared and after 2 hours the amino-N is measured. 


0.0 
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The type remains the same as in the ordinary water solu- 
tion, but the decrease of amino-N with the order of the value 
of pH is here more slight and the absolute amount of the 
decsease is less compared with the amount by ordinary water 
solution. 

7. Glycylglycin+glucose in 50% heavy water (Table IV 
and Fig, 4). 

Three solutions at pH 7, 8, and 9 containing 50% heavy 


TABLE III. 
1-Leucylglycylglycin + glucose (0.018 mol: 0.9 mol) 


d N, ce. (760 mm, 22°C) 
Time 
(hours) pH 6.5 pH 7 pH 8 pH 9 eontrol* 
0.2 - -- ~ — 0.90 
0.5 0.83 0.80 0.845 0.865 -- 
f 0.79 0.74 0.81 0.86 -- 
1.5 0.73 0.725 0.78 0.845 — 
2 0.705 0.65 0.745 0.835 — 
3 0.665 0.61 0.685 0.84 — 
3.5 = — _ = 0.90 
4 0.625 0.57 0.61 0.825 — 
5 0.60 0.55 0.53 — — 
6 0.60 — 0.485 0.805 — 
6.5 — 0.55 = = = 
7 0.605 — 0.48 0.785 Se 
7.5 — 0.48 = — _ 
8 ne 0.47 0.42 =. = 
9 a — 0.39 = = 
10 — = 0.39 = = 
2 — — — 0.645 — 
27 0.575 = = _ ss 
27.5 0.575 — — ive oes 
31.5 — — — = 0.90 
* 32 = 0.465 — — = 
33 =, — 0.30 = = 
75 = = ard 0.47 — 


* 


1-Leucylglycylglycin only. pH is 9. 
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Fig. 3. lLeueylglyeylglyein + glucose. 
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water are prepared and after the lapse of 2 hours the amino-N 
is measured. 

There is a slight sign of a tendency of a type of reaction 
towards that of the tripeptide. The fact that the type of 
reaction undergoes a change when the nature of the solvent is 
changed seems important. 

8. Glycocoll+fructose (Table V and Fig. 5A). 

The decrease of amino-N is here far less than that with 
glucose. These results agree on the whole with that of the 
change of optical rotatory power studied by Neuberg and his 
associates (1. ¢.). 

9. Glycylglycin+fructose (Table VI and Fig. 5B). 

The mode is the same as in glycocoll+fructose, the decrease 
of amino-N being far less than with glucose, and there is almost 
no sign of the dipeptide type. Though Waldschmidt-Leitz 
and Rauchalles (l.¢.) stated that at pH 7.9 the solution 
containing d,l-leucylglycin and fructose shows no change in the 
amount of amino-N, at pH 8 in my experiment there is clearly 


seen a decrease as shown in Fig. 5B. 
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10. 1-Leucylglyeylglycin + fructose (Table VII and Fig. 5C). 

In the ease of fructose the degree of the reaction of sugar 
with tripeptide is very small and the disturbances in the begin- 
ing seem too slight to give any meaning. 

11. Methylamine+glucose (Table VIII and Fig. 6A). 

As is seen from Fig. 6A the type is exactly the same as 
the aminoacidic. 

12. Isobutylamine+glucose (Table [X and Fig. 6B). 

The type is also exactly the same as the aminoacidic. 
These results by amines indicate that amino acid behaves exact- 
ly in the same manner as amine. 

13. Only eglyeocoll or glyeylglycin is kept at pH 7, 8 and 
9, and after the lapse of 26 hours glucose is added (Table X, 


TABLE LV. 


N, ce. (760 mm, 22° C) 


Solution (the lapse of time) i 
pH 6.5) pH 7| pH 8| pH 9 | .P 


9.6-10 

(1) Glycocoll+ glucose (after 2 hours)* 0:8859) O27 8a sO GTaOl Sis 
(1’) ee (after 4 hours)* 0.835 | 0.72 0.57 |0.43** 
(2) &aminoeapronic acid+ glucose = REN 
Gi Gis) 02215 3) ORGS OSORNO; 05ers 


lyeylelyein+ ¢ : 
(3) EERE ped es 0.83 | 0.745 | 0.69 | 0.915 


(3') Glyeylglycin + glucose z 
Glin inane 0.80 | 0.695 | 0.635 | 0.89 


(4) Glyeylglyein+ Galactose = 
(after 1.7 hours) 0.54 0.47 0.70 


(5) Glycocoll+ glucose in 50% heavy 


water (after 2:17 hours) 0.85 0.925 | 0.90 | 0.86*** 


(6) Glyeylglycin+ glucose in 50% heavy 


water (after 2.17 hours) Ee Gemeb | tee 
(7) 1-Leucylglycylglycin + glucose rs ~ = 
(abtet 21% house m 0.695 | 0.645 | 0.725 | 0.845 


(8) Methylamine+ glucose ~ ~ 
ER ON hes 0.415 | 0.885 | 0.28 


(9) Isobutylamine+ glucose = a, 
(after 2 hours) ‘ 0.50 0.48 0.35 


These values are read from the curves of Fig. 1, 2 and 3. 
These pH values are not precise. 
These pH values are probably 10 or a little greater than 10. 


$k 
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Fig. 4. 


(1) Glycoeoll+ glucose (after 2) 
1’) 7 A (after 4") 
(2) e-Aminocapronic acid+ glucose 
(after 4") 
(3) Glyeylglycin+ glucose (after 1.7) 
3’) ” »  (atter 2.175) 
(4) Glyeylglycin+ galactose (after 1.7") 
(5) Glyeocoll+glucose in 50% D20 
j (after 2.175) 
(6) Glyeylglycin+ glucose in 50% D,0O 
(after 2.17") 
(7) lLeueylglyeylglycin + glucose 
(after 2.17") 
(8) Methylamine+glucose (after 2") 
(9) Isobutylamine+ glucose (after 2) 


Aleand Mig, 1,2). 

In these cases all are the same as in the case in which 
glycocoll or glycylglycin and glucose are dissolved at the same 
time. This fact, together with the fact that the amount of 
amino-N of glycocoll or glycylglycin does not suffer any change 
when kept at pH 9 during 32 hours, shows clearly that there 
may be no change on the side of glycocoll or glycylglycin itself 
during the whole period of experiment, although there is seen 
a slight sign of displacement towards an increase of change in 
the case of pH 7 and a decrease in the case of pH 9, when 
compared with the case of direct mixing. 

14. Only glucose is kept at pH 7, 8 and 9 and after the 
lapse of 26 or 20 hours glycocoll or glyeylglycin is added re- 
spectively. (Table XII, XIII). 

In these cases all remains exactly the same as in the case 
in which both components are dissolved simultaneously. 

This fact denotes that any change on the side of sugar, if 
occuring, did not affect in the least the mode of the curve, at 
least under conditions adopted here. That some changes occur 
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TABLE V. 

Glyeocoll + fructose (0.018 mol: 0.9 mol) 

N, ce. (760 mm, 22°C) 

Time ‘ 

(hours) pH 7 pH 8 pH 9 control* 
0.2 —— == = 0.86 
0.5 0.855 0.85 0.83 == 
al 0.86 0.855 0.83 = 
1.5 — 0.85 == == 
3 — 0.85 0.83 = 
4 — — a= 0.855 
4.5 0.855 = — = 
6 == 0.85 — a 
7 = == 0.82 = 
9 0.855 os — — 

30 —_ 0.85 0.795 = 
Sil 0.855 = — —_— 
29 = — — 0.86 
* Glycocoll only. pH is 9. 
TABLE VI. 
Glycylglycin + fructose (0.018 mol: 0.9 mol) 

Time ; N, cc. (760 mm, 22°C) 

ERO) joel 2 pH 8 pH 9 control* 
0.2 = = = 1.07 
0.5 1.07 1,025 1.00 == 
1 1.025 = 1.00 = 
1.5 1.0385 1.04 — als 
2 1.02 1.02 1.00 es 
3 1.04 1.03 1.01 == 
4 aS = — 1.07 
5 1.035 — = — 
6.5 — eOin — =. 

a8 = = 0.98 — 
24.5 — 1.02 — ae 
32.5 1.04 = a 1.065 


Glycylglycin only. pH is 9. 
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TABLE VII, 
1-Leucylglycylglycin+ fructose (0.018 mol: 0.9 mol) 

Time N, ee. (710 mm, 22°C) 

(hours) pH 7 pH 8 pH 9 control* 
0.2 = = — 0.90 
0.5 | 0.885 0.895 0.89 — 
il 0.875 0.87 0.88 — 
2 0.885 = 0.865 _ 
3 a 0.87 0.865 —_ 
3.5 — —— = 0.90 
8 = — 85 — 
9 = as 855 —_ 

16.5 = 0.87 = = 
19 0.88 = — — 
23 | — | cas 0.83 — 
31.5 | = | a ne 0.90 


1-Leucylglycylglycin only. pH is 9. 


Fig. 5. (A) Glycocoll+ fructose. 
(B) Glyeylglycin+ fructose. 
(C) lLeueylglycylglycin+ fructose. 
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TABLE VIII. 
Metylamine + glucose (0.009 mol: 0.9 mol) 


N, ce. (760 mm, 22°C) 
Time 
(hours) pH 7 pH 8 pH 9 contrel* | pH 958" 

0 Bee = a = 0.265 
0.2 — — = — 0.29 
0.5 0.43 0.58 0.35 0.46 0.33 
il 0.40 0.38 0.32 = 0.33 
1.5 0.40 = = 0.43 0.39 
2 = = 0.25 = 0.39 
3 = = 0.275 am es 
5 = 0,39 = = = 

15 —— = = 0.44 = 

16 0.415 = = = 0.395 

21 = = 0.265 us = 

23 = 0.385 = ae = 

30 = — 0.265 — —" 


* Methylamine only. pH is 9. 


** This series is for the experiment to see reversibility. 


TasLEe IX, 
TIsobutylamine+ glucose (0.009 mol: 0.9 mol) 


Bb ; N. ces (760 mm, 22°C) 

(hours) pH 7 pH 8 pH 9 control* 
0.5 0.50 0.50 0.485 0.51 
ih 0.50 = 0.40 0.49 
2 = 0.48 0.345 — 
a 0.50 0.48 0.335 — 
5 = 0.48 — ao 
6 = a 0.335 oa 

20.5 == a — 0.525 
21, 0.495 = = 0.525 
21.5 — 0.49 = — 
50 = = 0.305 — 


Isobutylamine only. pH is 9. 
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Fig. 6. (A) Methylamine+ glucose. 


(B) Isobutylamine + glucose. 
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O22 ar 5 
TABLE X. 
Glycocoll+ glucose (0.018 mol; 0.9 mal)* 
: N. ce. (760 mm, 22°C) 
Time 
ur A * 4K 
(hours) pH 7 pH 8 pH 9 pH 9-1** control*** 
0.2 = — = = 0.86 
0.5 0.855 0.82 0.805 0.80 a 
ub 0.825 0.795 0.76 0.73 = 
2 0.835 0.77 0.72 0.645 == 
4 = = == = 0.855 
24.5 = 0.78 a a or 
27 = == = 0.43 = 
29.5 0.835 = -- | — -- 
9 = cS Ze = 0.86 
50 = — 0.48 —s =o 
d1 == _ 0.48 = = 


* This series is given in Fig 1. by dotted lines. 
** Wor the sake of simplicity this is not plotted im Fig. 1. 
*** Glycocoll only. pH is 9. ° 
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TasLE XI. 
Glyeylglycin+ glucose (0.018 mol: 0.9 mol)* 
N, ce. (760 mm, 22°C) 
Time 
(hours) pH 7 pH 8 pH 9 control** 
0.2 — — = 1.07 
0.5 0.88 0.91 0.995 — 
1 0.81 0.815 0.97 — 
2 0.69 0.66 0.91 = 
4 fe ae — 1.07 
18 a 0.30 = Por 
Sie) _— == 0.38 —) 
23.5 0.54 = — = 
82.5 — — os 1.065 
* This series is given in Fig. 2. by dotted lines. 
** Glycylglycin only. pH is 9. 
TABLE XIT. 
Glucose+ glycocoll (0.9 mol: 0.018 mol)* 
, Nz cc. (760 mm, 22°C) 
Time 
(hours) pH 7 pH 8 pH 9 control** 
0.2 as — — 0.86 
0.5 0.85 0.85 0.795 — 
ad 0.84 0.845 0.745 — 
2 0.835 = 0.655 — 
2.5 = 0.78 — — 
4 = 2; — 0.855 
17.5 — 0.785 = a 
20 = = 0.48 — 
PAYS 0.835 — -— i 
32 = a se 0.86 


* 


In this experiment the decrease of amino-N is almost exactly the same 
as in the case where both components were dissolved at the same time; there- 
fore, for the sake of simplicity, these are not plotted in Amie, Al 

** Glycocoll only pH is 9. 
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TABLE XIII. 
Glucose + glyeylglyein (0.9 mol : 0.018 mol) 


Time Nz ce. (760 mm, 22°C) 

(hours) pH 7 pH 8 pH 9 control** 
0.2 — | — = 1.07 
0.5 0.895 0.93 0.99 = 
1 0.83 0.845 0.93 a 
2 0.69 0.81 0.90 == 
+ = ad = 1.07 
25.5 eee ea 0.33 = 
26 — 0.30 == = 

32.5 0.535 == set 1.065 


For simplicity’s sake this series is not given in Fig. 2. 


** Glycylglycin only. pH is 9. 


on sugar which do not influence the results of these experiments, 
may be supposed from the fact that pH value of all kinds of 
solutions adjusted to pH 9 and 8 shows a very slight, yes, 
generally a hardly noticeable tendency to decrease in the course 
of time. 

15. Reversibility of the reaction (Table VIII, and Fig. 6A). 

The reversibility of the reactions is examined in the case 
of methylamine+glucose, for example. After the lapse of 30 
hours the solution of pH 9 is adjusted to pH 8 and succeeding 
determinations were made on the amount of the amino-N. As 
is clear from the table and figure, the amount of amino-N begins 
to inerease and, after about 2 or 3 hours the equilibrium is 
attained exactly the same as in the case where the solution is 
kept at pH 8 from the beginning. 

This result may indicaie that in all cases where the equili- 
brium is attained at least, the reaction taking place is reversible. 


IV. Discussion AND CONCLUSION. 


Taking all facts described above into consideration, the types 
of reaction of amino acids, dipeptide or tripeptide with glucose 
are characteristic for themselves. In the case of amino acids, the 
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amount of the decrease of amino-N runs parallel with the value 
of pH of the solution. It seems reasonable to suppose in this 
case that amino acid combines by its amino group with the 
aldehyde group of glucose, forming a methylene-like compound, 
simply facilitated by the higher value of pH by increasing the 
concentration of the free amino group without electrical charge, 
though the nature of the combination itself is not yet clear 
even in the case of amino acid and formaldehyde (Levy: 1932, 
1985, 1987; Tomiyama: 1935; Balson and Lawson: 1936). 
It is noticeable that the reaction is very slow, and at pH 9 
about 10 hours were required before the equilibrium is attained, 
and that the reaction is probably reversible. 

In the case of glyeylglycin, the amount of combination at 
pH 9 is less than that at pH 7 and 8 until the lapse of about 
12 hours. After about 28 hours the relation between the amount 
of combination and pH becomes the same as that of amino acid 
glucose mixture. In the case of J-leucylglyeylglycin this rever- 
sion to the amino acidic type is altogether not attained even 
after about 75 hours. These changes of relation between the 
amount of combination and pH may be due to the peptide 
linkage because of the fact that this change runs parallel with 
the number of peptide linkage. 

These differences between amino acid and peptide can not 
be understood either from the difference of their isoelectric 
points, or from the difference in the ratio of Zwitterion and 
absolutely neutral molecule without any electrical charge between 
peptide and amino acid as calculated by the calculations of 
Edsall and Blanchard (1933), according to whom the ratio 
is 263000 by glycocoll and 40740 by glyeylglycin. 

From these considerations we are forced to examine the 
mechanism of reaction of amino acid or peptide with sugar and 
also to give some consideration to the structure of amino acid and 
peptide. Concerning these points the result obtained in 50% 
heavy water solution is very suggestive. In the immediately 
succeeding report I shall undertake this problem. 

Just a few words more concerning the case of ketose. It 
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is different from the case of aldose, that with ketose the amount 
of the combination is very little, and the type in dipeptide re- 
mains nearly equal as in amino acid, while in tripeptide a trace 
of the sign of the peptide type appears. The profound differ- 
ences existing between aldose and ketose may contribute to 
elucidate the nature of the reaction of amino compound with 
sugar. 


V. SuMMARY. 


1. By means of van Slyke’s amino-N measuring method 
the combination between amino acid or peptide with glucose at 
pH 7, 8 and 9 are investigated during a period of 1 or 2 days. 

2. In the case of amino acid the amount of combination 
runs parallel with pH. 

In the case of glycylglycin, on the contrary, the amount 
of combination at pH 9 is less than that at pH 7 and that at 
pH 8, until the lapse of about 12 hours and about 28 hours 
respectively. 

In the case of 1-leucylglyeylglycin, the amount of combina- 
tion at pH 9 is less than that at pH 7 even after the lapse 
of 75 hours, and, moreover, during the first 5 or 6 hours the 
amount at pH 8 is also less than that at pH 7. 

3. When fructose is used in place of glucose, the amount 
of combination is far less than with the case of glucose. 


The author wishes to express his sincere thanks to Prof. 
S. Kakiuchi for his interest and advice throughout this in- 


vestigation. 
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Von 
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In den letzten Jahren ist von verschiedenen Seiten immer- 
mehr aufgeklaért worden, dass der Hisen-Porphyrinkorper in 
Mechanismus der Zellatmung eine ungemein grosse Rolle spielt. 

In Muskeln und anderen Geweben von Tieren der verschie- 
denen Ordnungen des Tierreiches fand Mac Munn (1886) einen 
Farbstoff mit haémochromogenaéhnlichem Spektrum, den er fiir 
einen Atmunegsfarbstoff hielt und Myohamatin oder Histohimatin 
nannte. In neuerer Zeit stellte Keilin (1925) grosse Ver- 
breitung dieser Stoffe nicht nur im Tier-, sondern auch im 
Pflanzenreich fest und ersetzte die Bezeichnung Mae Munn’s 
durch den allgemeineren Namen “ Cytochrom’’. In weiteren 
Arbeiten (1929/30) wurde dann die Hisen-Porphyrinnatur dieses 
Farbstoffs bestaétigt und seine Funktionen zu ergriinden versucht. 
Keilin ist bekanntlich zu der Ansicht gekommen, dass Cyto- 
chrom zwischen den Dehydrasen, die den Wasserstoff der Nahr- 
stoffe aktivieren, und den Oxydasen, die den molekularen Sauer- 
stoff aktivieren, als ‘‘ Carrier ’’’ fungiert. Seither sind in dieser 
Richtung durch mehrere Forscher ausfiihrlichere Bearbeitungen 
fortgesetzt worden. 

Ausser Keilin vertritt besonders Warburg die Auffassung, 
dass das Porphyrin-Hisen als ein sauerstoffaktivierendes Zentrum 
bei den Atmungsvorgéngen in der Zelle wirkt. Wahrend er 
anfangs dem unorganischen Hisen die Rolle eines die Oxydation 
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vermittelnden Katalysators erteilte, wurde er gestiitzt auf seine 
elegante, photochemische Untersuchung betreffs der Lichtempfind- 
lichkeit der CO-Verbindung des Atmungsfermentes zu der An- 
nahme gefiihrt, dass dieses ein Hisen-Porphyrin sei, das in 
seinen spektroskopischen Higenschaften dem Phaohamin b und 
dem Spirographishimin nahe liegt. Laut ihm soll der Haupt- 
teil oder mindestens der cyanempfindliche Teil der Sauerstoff- 
iibertragung in der Zelle durch diese Hisen-Porphyrinkatalyse 
vermittelt werden (Warburg, Negelein, 1929; vgl. auch 
Reid, 1932). Spater fanden Warburg, Negelein und Haas, 
dass Bac. Pasteurianum in konzentrierter Suspension ein schwa- 
ches Absorptionsband auf 589 my aufweist, und wegen der 
Verschieblichkeit des Bandes bei Sattigung der Suspension mit 
Kohlenoxyd meinten sie, dass die Bander von ‘“ Atmungsfer- 
ment ’’ herriihre (1983). Dagegen ist aber heute die Ansicht 
sichergestellt, dass dieser Farbstoff nichts anders als eine neue 
Komponente des Cytochroms zu betrachten ist (Keilin, 1938). 

Hier sei noch erwahnt, dass sowohl die Peroxydase (Kuhn, 
1931) als auch die Katalase (Zeile, Hellstrom, 1930; Zeile, 
1931) sehr wahrscheinlich ein Hisen-Porphyrin und zwar Proto- 
hamin als einen unentbehrlichen Bestandteil besitzen. Wenn 
auch die Wirkungsweise der beiden Fermente im Organismus 
heute noch nicht vollig aufgeklirt ist, so ist es durchaus zwei- 
fellos, dass diese beim Zellstoffwechsel irgendeine wesentliche 
Rolle spielen. 

Aber um die Frage nach der Bedeutung des Hisen-Porphy- 
rins in Zelle noch ausfihrlicher aufzuklaren, scheint es mir 
notig zu sein, die Verhaltnisse genau auf quantitative Weise zu 
erforschen. Zuerst kann man besser die Mengenverainderung des 
Hisen-Porphyrins unter verschiedenen Bedingungen bei dem 
betreffenden Lebewesen studieren und sie mit seinen anderen 
biologischen Higenschaften in Beziehung setzen. Mit dieser 
Absicht habe ich die folgenden Experimente ausgefiihrt, in 
denen ich die Backerhefe als das geeignete Versuchsmaterial 
verwendete. 
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I. BESTIMMUNGSMETHODE DES EISEN-PORPHYRINGEHALTES. 


Zu meinem Zweck kamen die Hamochromogene im Pyridin- 
extrakt in Betracht. Nachdem schon yor der Entdeckung des 
Cytochroms Fischer und Hilger (1924) als erste Hamatin 
und Hamochromogen aus Hefe spektroskopisch beobachtet hatten, 
bereiteten Anson und Mirsky (1925) Pyridinextrakte aus Hefe 
und bestatigten, dass der intensivste Absorptionsstreifen seiner 
Lage nach vollsténdig mit dem o-Band des Pyridinhaimochro- 
mogens von Protohaémin tibereinstimmt. Ein endgiiltiger Beweis 
fiir seine Identitat mit Protohaémin ist spadter insofern erzielt 
worden, als Fischer und Schwerdtel (1928) es aus Pyridin- 
extrakt in krystallisiertem Zustand gewannen. 

Fir die quantitative Bestimmung des Protohéimins im 
Pyridinextrakt aus Hefe sind zwei spektroskopische Methoden 
angegeben worden (Treibs, 1927; Euler, Fink, Hellstrom, 
1927). Aber mit diesen beiden spektrophotometrischen Mess- 
methoden kénnen gewisse Ungenauigkeiten verursacht werden, da 
auch die gelben bzw. braunen undefinierbaren Farbstoffe in den 
Pyridinextrakt mitgehen und ebenfalls Licht absorbieren; tiber- 
dies ist es wiinschenswert, das mit Pyridin extrahierbare Hisen- 
Porphyrin insgesamt zu messen. 

Nach zahlreichen Versuchen, den reduktiven Abbau des 
Hisen-Porphyrins bis zum Pyrrole zu seiner quantitativen Be- 
stimmung zu benutzen, erwies sich das foleende Verfahren, wenn 
auch nicht so vollkommen ausgearbeitet, zweckmiassig : 

Eine abgewogene Menge der gut trocken abgesaugten Hefe 
wird auf Glasfilter gebracht, mit Pyridin, welches nach Treibs 
(1927) durch Behandeln mit Chromsiure und Kali gereinigt ist, 
und dem eine kleine Menge Natriumsulfit und Cyankalium zu- 
gesetzt ist tibergossen, und durch Zerdriicken bis zur volligen 
Suspension zerteilt. Da die Hefe yon Pyridin dusserst energisch 
unter Warmeentwicklung plasmolysiert wird, und da dabei 
BKisen-Porphyrin in Pyridin sehr leicht iibergeht, wird die Su- 
spension nach 15 bis 20 Minuten langem Verriihren durch Glas- 
filter abgesaugt. Der Filtrierriickstand wird noch zweimal mit 
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Pyridin ausgezogen. Der Extrakt wird in einem kleinen Destil- 
lationskolben aufgenommen und das Pyridin im Vakuum abdes- 
tilliert. 

Alle eben erwihnten Manipulationen miissen wegen der 
grossen Empfindlichkeit des Haimochromogens gegen Luftsauer- 
stoff stets im Stickstoffmedium ausgefthhrt werden. 

Der sirupése Riickstand. wird mit 10ccm  neutralem 
Essigither tibergossen und durch Asbestfilter filtriert, das Filter 
wird nochmals mit 10 cem Hssigather gewaschen. Das vereinigte 
Filtrat wird in einen Scheidetrichter von 50ccem Inhalt getan 
und mit 10cem Sulfit-Cyanid-Lésung (0,8 ¢ wasserfreies Nat- 
riumsulfit und 0,2 ¢ Kaliumeyanid in 100cem Wasser) zweimal 
extrahiert. Die Farbstoffe lassen sich durch die erstmalige 
Extraktion fast vollsténdig zur Sulfit-Cyanid-Lésung tiberfiihren. 
Jede Fraktion des Extrakts wird dann durch ein kleines Filtrier- 
papier in ein Zentrifugenglas von 15 cem Inhalt filtriert, zu der 
nachher leem 0,4%-iges Ammoniakwasser und leem 5%-ige 
ZnSO.-7H,O-Lésung unter stindigem Rithren zugefiigt werden. 
Nach Stehen iiber eine Nacht wird der Niederschlag, der die 
Farbstoffe vollkommen mitgerissen hat, scharf zentrifugiert. 

Zu dem Niederschlag werden nun 2ccm Salzsiure-Hisessig 
(1 Vol. 38% Salzsiure+2 Vol. Hisessig) gefiigt, und der Nieder- 
schlag wird unter Umriihren mit einem feinen Glasstab gelést. 
Die Loésung wird dann mit Hilfe von 4cem Salzsiure-Hisessig 
in einen kleinen Rundkolben iibergefiihrt. 0,5cem 0,2%-ige 
CuCl,-2H,0-Lisung in Hisessig wird hinzugefitigt und darauf 
werden vier lem lange von einem Zinkstab (Kahlbaum: Chem. 
rein in Stangen 3mm ¢ “zur Analyse’’) geschnittene Stiicke 
hineingetragen. Nach einstiindigem Stehen uniter Riickflusskiihler 
in siedendem Wasserbad wird die Fliissigkeit abgegossen, das 
Zink mit modglichst wenigem Wasser gewaschen und die Wasch- 
fliissigkeit mit dem ersten Abeuss vereinigt. 

Zu der Flissigkeit setzt man 0,3 cem salzsaure p-Dimethy- 
laminobenzaldehydlésung (p-Dimethylaminobenzaldehyd ~ 0,2, 
38% Salzsiure 4cem mit destilliertem Wasser auf 100 eem) ZU, 
worauf eine rosa-rote Farbe der Pyrrolreaktion eintritt. Da die 
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Farbe nach zwei bis drei Stunden vdéllig entwickelt verdiinnt 
man alsdann mit Wasser auf 40cem, schiittelt den Farbstoff 
mit 10¢em reinem Amylalkohol aus, lasst die Mischung einige 
Zeit ruhig stehen und vergleicht die klare Amylalkoholschicht 
mit einer wisserigen Fuchsin-Phenosafraninlésung (0,01%-ige 
Losung von Fuchsin-Griibler und 0,01%-ige Losung von Pheno- 
safranin-Griibler werden zu gleichen Volumenteil vermischt und 
mit Wasser bis auf passende Konzentration in bekanntem Ver- 
haltnis verdtinnt). 


Versuche nut reinem Hamin. 


Um von der gemessenen Farbenintensitat der Pyrrolreaktion 
auf den urspriinglichen Gehalt an Eisen-Porphyrin schliessen zu 
kodnnen, verglich ich die Farbenintensitét mit der zur Bestim- 
mung kommenden Menge des reinen Cl-Hiaémin, welches aus 
Rinderblut nach Schalfejew, Nencki und Zaleski dargestellt 
und nach dem Pyridin-Chloroform-Verfahren von Kiister (1922) 
umkristallisiert wurde. 

leem Haminlésung mit bekannter Konzentration wurde wie 
oben der reduktiven Spaltunge mit Salzséure-Hisessig und Zink 
unterworfen. Die weitere Behandlung war ganz ebenso wie bei 
der obenerwihnten eigentlichen Bestimmungsmethode. Die Re- 
sultate sind in Tabelle I angegeben. Die Kurve, deren Abszissen 
die Haminmengen in Milligramm und deren Ordinaten die Ver- 


TABELLE I. 


Proportionalitit zwischen Himinmenge und Farbenintensitat 


Farbenintensitat 


Hamin in mg = 
| (1) (2) (3) | Durchschnitt 
0,1 1,71 1,64 1,49 | 1,61 
0,08 1,2 1,31 1,24 1,27 
0,06 0,96 0,93 0,98 | 0,96 
0,05 0,80 0,81 0,81 | 0,81 
0,04 0,64 0,67 0,65 0,65 
0,03 0,48 0,47 0,48 | 0,48 
0,02 0,30 0,33 0,31 | 0,31 
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Inne, Ie 


Proportionalitit zwischen Himinmenge und Farbenintensitat. 


Farbenintensitat 


———— 
0.02 0.04 0.06 0.08 0.10 
Hamin in mg 


haltnisse der Farbenintensitaéten sind, ist in Fig. 1. dargestellt. 

Die Kurve zeigt nur geringe Abweichungen von der Gera- 
den, und es erweist sich, dass zwischen kolorimetrischer Ablesung 
und Himinmenge so gentigende Proportionalitat besteht, dass die 
Menge des Hisen-Porphyrins in Pyridinextrakt aus Hefe mittels 
dieser Messmethode als Protohiémin ohne besondere Schwierig- 
keiter berechnet werden kann. 


Priifung der Methode durch Additionsversuch. 


Um die Anwendbarkeit meiner Methode zur Bestimmung des 
Hisen-Porphyrins im biologischen Material zu priifen, habe ich 
in erster Linie Additionsversuche ausgefiihrt. Zuerst wurde 
nach meiner Methode der Hisen-Porphyringehalt in Pyridin- 
extrakt aus der abgewogenen Menge Hefe bestimmt. Darauf 
wurde der Pyridinextrakt aus derselben Menge der Hefe mit 
einer bestimmten Menge Hiamin versetzt und wie oben wieder 
das Eisen-Porphyrin bestimmt. 

Die Bestimmungen fiihrten zu den in der Tabelle II zu- 
sammengefassten Ergebnissen. Die Zahl der Hisen-Porphyrin- 
menge ist als Protohimin berechnet. 

Aus der Tabelle geht hervor, dass die Gesamt-Hisen-Porphy 
rinmengen mit einem unter 2% legenden Fehler wiedergefunden 
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TABELLE II. 


Additionsversuche. 
Eisen , Gesamt-Hisen-Porphyrin 

Versuch (Porphyrin in} Tiiminzu- Fehler 

Nr. Pyridinex- satz in mg | berechnet gefunden % 

trakt in mg in mg in mg 

] 0,0293 0,0212 0,0505 0,0494 ergo 

2 | 0,0291 0,0212 | 0,0503 0,0503 0 
3 0,0292 | 0,0212 0,0504 0,0502 | — 0,4 
+ 0,0442 0,0212 ‘| 0,0654 0,0645 —1,4 
5 | 0,0492 | 0,0212 0,0634 00640  +1,0 


wurden, also mit durchaus zufriedensteliender Genauigkeit. 


Anwendung der Methode auf Presshefe. 


2,5@ kaufliche Backerhefe wurden auf Glasfilter gebracht, 
nach der Zugabe von 0,1 g¢ wasserfreiem Natriumsulfit und 0,005 ¢ 
Cyankalium mit 20cem gereinigtem Pyridin in sauerstofffreier 
Atmosphire gut verriihrt; die Suspension wurde nach 15 bis 20 
minutenlangem Verriihren abgesaugt und der Filtrierriickstand 
noch zweimal mit je 5eem Pyridin ausgezogen. 

Der Extrakt farbt sich orange-rot und zeigt spektroskopisch 
den deutlichen Hauptabsorptionsstreifen des Hamochromogens 
557 mp, und daneben einen schwachen Absorptionsstreifen auf 
ungefahr 586my, den Anson und Mirsky (1925) fiir den von 
Cytochrom a herriihrenden Streifen gehalten haben. Im Gegen- 
satz zu Fischers Angabe, dass die Himochromogene in dem 
Pyridinextrakt aus Hefe fusserst hinfallig sind, waren die Ab- 
sorptionsspektren unter den beschriebenen Bedingungen durchaus 
bestindig und auch nach langerer Zeit liess sich keine merkliche 
Abschwachune der Spektren wahrnehmen. 

Das Pyridin wurde dann in Vakuum abdestillert und durch 
weitere Behandlungen wurde die Hisen-Porphyrinmenge be- 
stimmt. Es wurden vier Bestimmungen fiir dieselbe Hefeprobe 
durchgefiihrt ; die erhaltenen Werte fiir 2,5 ¢ Hefe sind 

0,04383 meg 
0,0443 
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0,0441 

0,0424 

Durehsechnitt: 0,0485 
Also die Ubereinstimmung der Werte ist durchaus befriedigend. 
In der Tabelle III sind Trockensubstanzmenge, Hisen-Por- 
phyringehalt und Gesamt-Hisengehalt bei unterschiedlichen Ma- 
terialien der kiiuflichen Backerhefe zusammengestellt. Der Gehalt 
an Eisen wurde nach der Methode von Kennedy (1927) be- 
stimmt. Aus der Tabelle III ist ersichtlich, dass in Hefezellen 


TABELLE III. 
Mit Pyridin extrahierbares Eisen-Porphyrin und 
Gesamt-Hisen der Kiuflichen Backerhefe. 


Hisen-Porphyrin Gesamt-Hisen 
as : Porphy - 
Datum |Trocken-} is i = yin-Ei- 
Hefe a : fiir lg | ftir lg fiir lg | ftir lg : 
Nr. pe Ais ee frische |'Trocken- frische | Trocken- ee ca 
Hepes ¢ Hefe |substanz| Hefe |substanz 4 
in in in ¥v in y — 
1 20 IV 26.6 ona 21:3 107 417 1:230 
g 2 V 2472 45 18.7 98 405 OS 
3 24 V 25.9 ee 28.0 136 527 1:220 
4 31 V 25.8 6.8 24.5 
5 we AWAL 28.2 Mell 27.2, 132 468 202 
6 16 IX 26.4 0 19.7 114 421 1:249 
7 25e xe Silat | 5.8 18.5 102 328 1:207 


nur ein kleiner Bruchteil des Gesamt-Hisens als Porphyrin-Eisen 
enthalten ist. 


Il. Etyruuss von HIsEN- UND KUPFERZUSATZ zUR NAHR- 
LOSUNG AUF DEN EHEIsEN-PORPHYRINGEHALT DER HEFR. 


tm Jahre 1931 hat Elvehjem den Hinfluss des EKisens und 
des Kupfers auf die Hefe mitgeteilt. In der méglichst von 
Hisen und Kupfer befreiten synthetischen Nahrlésung wiichst 
die Hefe schlecht und die geerntete Hefe zeigt nur schwache 
Absorptionsstreifen des Cytochroms. Dagegen in der mit einer 
kleinen Menge Hisens ergiinzten Naihrlésung wird das Wachstum 
in hohem Masse befordert und zugleich nimmt der Gehalt an 
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Cytochrom stark zu. Gleichzeitige Zugabe von Eisen und Kup- 
fer begiinstigt das Wachstum weiter und stimuliert die Pro- 
duktion des Cytochroms mit besonderem hohen Gehalt an 
a-Komponent. 

Die folgenden Untersuchungen beschaftigen sich mit dem 
Studium tiber den Einfluss von Eisen und Kupfer auf die Syn- 
these des Hisen-Porphyrins in der unter bestimmten Bedingun- 
gen gezuchteten Backerhefe. 


1. Das Verfahren zur Befreiung der Néhrlosung vom Etsen. 


Was mit der Reinigungsmethode zu erreichen war, stellte ich 
mit der Rhodanidprobe auf Hisen fest, und zwar verwendete ich 
zur Priifung eine 20% Natriumrhodanidlésung, die wegen ihres 
eigenen, relativ hohen EHisengehaltes vor dem Gebrauch nach 
Zusatz von einigen Tropfen reiner Salzsiure wiederholt durch 
reinen Amylalkohol ausgeschittelt wurde, bis die Amylalkohol- 
schicht sich nicht mehr rot farbte. Mit 5cem einer so ge- 
reinigten Rhodanidlésung versetzte ich 20 ccm der zu priifenden 
Fliissigkeit; nach Zusatz von Salzsiure und Wasserstoffperoxyd 
wurde sie mit 2cem Amylalkoho] ausgeschiittelt. Durch diese 
Methode konnte ich 0,2y Hisen deutlich nachweisen. 

Um eine moglichst vollkommen von Hisen befreite Nahr- 
losung zu bekommen, wurden zundchst die einzelnen Nahrsalze 
und der Zucker gereinigt: 

1. Ammoniumchlorid. 500g Ammoniumchlorid wurden in 
1,5 1 Wasser gelést, mit Salzsiure etwas angesduert und in 
diese Lésung wurde, nach Zugabe einer kleinen Menge von Tier- 
kohle, Schwefelwasserstoff eingeleitet. Nach einigen Stunden 
wurde die Fliissigkeit durch ein Faltenfilter filtriert, darauf 
mittels Ammoniakwassers schwach alkalisch gemacht und unter 
erneuter Zugabe von Tierkohle wieder filtriert. Das Filtrat 
wurde dann nach dem Ansduern mit Salzséiure aufgekocht, um 
den Schwefelwasserstoff auszutreiben, und nach nochmaligem 
Filtrieren zur Kristallisation eingedampft. Die so gewonnenen 
Kristalle waren fast rein aber noch nicht vollkommen von Hisen 
bcfreit. Zur Beseitigung der letzten Spur des Hisens war die 
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von Bertrand angegebene Methode zur Entfernung der Man- 
ganverunreinigung der Salze zweckmassig. Das Salz wurde in 
der dreifachen Menge reinen Wassers gelést, nach Zuftigen von 
mehreren Tropfen Wasserstoffperoxyd auf etwa 50°C erwarmt. 
Die Fliissigkeit wurde mit Ammoniakwasser alkalisiert und dann 
mit je m/100 Magnesiumechlorid und Ammoniumphosphat ver- 
setzt. Vom Niederschlag, der den Rest des Hisens mitgerissen 
hatte, wurde die Lisung durch ein aschenfreies Filterpapier ab- 
filtriert und auf dem Wasserbade bis zum Kristallisieren ver- 
dunstet. 

2. Kaliumchlorid. 500g des Salzes wurden mit 1,51 
kaltem Wasser verrieben, durch ein Faltenfilter filtriert und 
nach Zusatz von einigen Tropfen Wasserstoffperoxyd gelinde 
erhitzt. Hierauf wurde eine aus 5g gebranntem Kalk bereitete 
Kalkmilch zugesetzt. Nachdem der Niederschlag sich zu Boden 
gesetzt hatte, wurde die Losung filtriert und die klare Fliissig- 
keit mit einer Losung von 15¢@ reinem, wasserfreiem Kalium- 
karbonat gefallt. Das Filtrat wurde in der Siedehitze mit Salz- 
sdure neutralisiert und moglichst schnel) auf etwa 0,51 einge- 
dampft. Das abgeschiedene Kaliumchlorid wurde abgesaugt und 
dureh HErhitzen getrocknet. 

3. Magnesiumsulfat. Kine konzentrierte Losung von Mag- 
nesiumsulfat wurde auf 40 bis 50°C erwirmt und eine geringe 
Menge des Wasserstoffperoxyds zugefiigt. Zu der erkalteten 
Fliissigkeit wurde in kleinen Mengen  soviel Magnesiumoxyd, 
welches zuvor mit Wasser zu einem homogenen Brei angerieben 
war, zugesetzt bis dasselbe nach dem Umschiitteln nicht mehr 
gelost wurde. Nachdem die Mischung unter zeitweiligem Um- 
schutteln 12 Studen lang gestanden hatte, wurde zundechst eine 
Probe der Lésung abfiltriert und dieselbe mit der Rhodanidprobe 
auf Eisen gepriift. Trat keine Rotfarbune ein, so wurde die 
Flissigkeit filtriert, und nach Zusatz reiner, eisenfrei destillierter 
Schwefelsdure zur Kristallisation eingedampft. Trat indessen 
noch eine Hisenreaktion ein, so wurde von neuem etwas Mag- 
nesiumoxydbrei zugeftigt und damit die Loésune abermals 12 
Stunden digeriert. 
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4. Natriumphosphat. 1ke kristallinisches Natriumphos- 
phat wurde mit 500cem Wasser iibergossen und in der Hitze 
gelost. Zu der noch warmen Fliissigkeit wurde, nach Zufiigen 
einer geringen Menge Wasserstoffperoxyds, Kalkmilch in kleinen 
Portionen mehrmals zugesetzt und jedesmal unter stetigem Er- 
warmen die Mischung digeriert. Wenn die abfiltrierte Probe 
der Mischung keine Hisenreaktion mehr zeigte, so wurde die ganze 
Losung warm filtriert und zur Auskristallisation abgekiihlt. 

5. Calciumchlorid. Das Salz kam als eine wisserige Losung 
zum Gebrauch. Hine 15%-ige Lésung von Calciumehlorid wurde 
mit einer kleiner Menge gebrannten Kalks einige Zeit aufge- 
kocht und darauf einige Tropfen Wasserstoffperoxyd zugegeben. 
Nachdem die Flissigkeit 12 Stunden lang gestanden hatte, wurde 
sie in einen Kolben filtriert. Zu der klaren Fltissigkeit wurde 
dann tropfenweise soviel 1% Phosphorsiure zugesetzt, bis eine 
deutliche Triibung (Fallung des Calciuinphosphats) erschien. 
Sodann wurde die Fliissigkeit noch einige Minuten erhitzt, damit 
der Phosphatniederschlag sich grobkérnig absetzte, und nach 
dem Erkalten durch ein aschenfreies Filter abfiltriert. Das 
Filtrat, welches keine Rhodaneisenreaktion mehr zeigte, wurde 
mit reiner Salzséure neutralisiert, und sein Gehalt an Caleium- 
ehlorid mittels der Silbernitratlosung titriert. 

6. Rohrzucker. Zu einer konzentrierten Losung Rohrzuc- 
kers (spez. Gew.: 1, 32) wurde zweifaches Volumen von redes- 
tilliertem Methanol, welches zuvor mit eisenfreier Salzsiure bis 
zur HCl-Konzentration von rund 0,1% angesauert war, unter 
bestandigem Umriihren zugefiigt. Zur Vollendung der bald 
auftretenden Ausscheidung der Kristalle wurde es einige Tage 
bei kiihler Aussentemperatur stehen gelassen. Der auskristalli- 
sierte Zucker wurde abgesaugt und zuniichst mit salzsaurem, 
dann mit reinem Methanol ausgewaschen. 

Der so gereinigte Zucker war aber noch nicht gentigend 
eisenfrei (etwa 5y Hisen in 25¢@ Zucker), und dreimalige Wie- 
derholung der Umkristallisation erzielte nicht die vollkommene 
Befreiung von Hisen. Deshalb habe ich die Wiederholung der 
Umkristallisation aufgegeben und um eine geniigend reine Nahr- 
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lésung zu bereiten, verfuhr ich folgendermassen : 

- Herstellung der reinen Nihrlésung: 25g obenerwahunterweise 
unkristallisierter Rohrzucker und 6,5 ¢ kristallinisches Natrium- 
phosphat’ (=2,5 ¢ NasHPO,) wurden in 11 redestilliertem Was- 
ser gelést und nach Zusatz kleiner Menge Wasserstoffperoxyd 
wurde tropfenweise 0,5cem 5%-ige Calciumchloridlosung unter 
Umschwenken zugefiigt. Die Loésung wurde tiber Nacht stehen 
gelassen und dann durch ein aschenfreies Filter abfiltriert, wobei 
der Niederschlag von Caleiumphosphat fast vollstandig die Hisen- 
verunreinigung aus der Loésung mitgerissen hatte. In diese 
Lésung wurde 2,5¢ KCl, 2,5@ NHiCl, 2,5¢@ MgSO, und 0,5 ¢ 
CaCl. eingebracht und alsdann wurde die Aciditaét der Losung 
mit der bis zu vollkommener Hisenfreiheit destillierten Salzsaure 
auf pH=5,8 gebracht. 12 dieser Nahrl6sung wurde in den 
Kulturkolben von 1,57 Inhajt eingegossen und zur Sterilisierung 
einige Zeit aufgekocht. Alle Glasapparate waren vor dem Ge- 
brauch’ mit Chromschwefelsaure und Aqua dest. weitgehend 
gereinigt worden. Wenngleich auf diese Weise noch lingst nicht 
die letzte Spur Eisen aus der Losung beseitigt wurde (rund 2y 
Eisen in 17 Losune), geniigte jedoch dieses Verfahren vollkom- 
men, um damit die Wirkune des Hisens auf Hefezellen zu 
untersuchen. 


op Einfluss des Kisens auf die Entwicklung und den EHisen- 
Porphyringehalt der Hefe. 


Im folgenden Versuche wurde zunichst je 0,5¢@ Hefe, ent- 
sprechend dem Trockensubstanzgewicht von 0,13-0,14 ¢, in die 
Kulturkolben mit 11 obiger reinen Nihrlésung geimpft und unter 
stetiger Durchliftung 43 bis 44 Stunden lang in einem Brut- 
schrank von 25°C gestelit. Am Schluss der Bebriitungszeit wurde 
die geerntete Hefe von der Nahrlosung abzentrifugiert, mit 
sterilem, redestilliertem Wasser gewaschen und in gleicher Weise 
zur neuen Aiichtung weitergeftihrt, um damit dauernd Hefe zur 
Untersuchung zu erlangen. Nach mehreren Generationen, bis 
die Wachstumsgeschwindigkeit der Hefe keine Anderung mehr 
zeigte, Waren die Hefen versuchsfertig. Wenn die Hefen nicht 
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im Gebrauch waren, wurden sie in einer 0,75 %-igen Monokalium- 
phosphatlosung suspendiert und im Eisschrank aufbewahrt. Ehe 
diese mehr oder weniger lange aufbewahrten Hefen zur Unter- 
suchung kamen, wurden sie jedenfalls in der frischen Nahrlosung 
mindestens einmal subkultiviert. Zur laingeren Aufbewahrung: 
wurden die Hefen in tiblicher Weise in 10%-iger Zuckerlésung 
aufgeschwimmt und im Hisschrank gelagert. 

Versuch. Dem Kulturkolben mit 17 gereinigter Nahrlésung 
wurden 10, 100 oder 1000y Eisen zugesetzt, und zwar in Form 
yon Mohrschem Salz. Jeder Kolben wurde mit 0,5¢@ Hefe 
ceimpft und 43 bis 44 Studen lane in gleicher Weise wie bei 


TABELLE IV. 


Einfiuss des Hisens auf den pe ee der Hefe 


Hisen-Porphyrin 
Hisenzusatz Hefeernte | ae EP ork wince. 
Liter trocken | | fiir lg eget ee 
pro I fur ganze | g fe Gesamt-Fe. 
in in ¢g inte inv | Trockenhefe 
thes at on 5 Se ney oe St 
0 1,0 | 9 2 | 
3 3 OBS) | 
1 2 2 | 
ee 4 5) | 
1,2 ) 2,5 2 | 
Durchschnitt We | 3 2,5 (1:9) 
| : Sol} 
= as aie “| ' | 
10 ie eee aoe Hi 9 | 
2.5 12 5 
2,4 8 3,5 
. | 9° op tt 
Durehsehnitt | 2:8 | ) yi 1 alls’ 
100 4,9 Til 16 
41 92 22,5 
4,1 735 | 18 | 
| | | 
| 4,2 73 | 17,6: 
Durehsehnitt f | 79 | 18,5 1:15 
1000 | 5, 116 | — 22,5 
4,6 | 104 20,5 
Bi | 99 22 | 
Dureheennitt 4,8 | 106 21,5 1:110 
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ioe 
Erntegwicht und Hisen-Porphyringehalt der Hefe beim 
Bisenzusatz in verschiedenen Konzentrationen. 


Hisen-Porphyrin- 
gehalt in y 


in g 


Hefeernte 


L 


100 1000 


Hisenzusatz im +. 


Subkultivierung geziichtet. Da die Luftstrommenge fir die 
Wachstumsgeschwindigkeit und fiir andere biologischen Higen- 
schaften der Hefe eine wichtige Bedeutung hat, wurde sie 
jedesmal um 5017 pro Stunde reguliert. Nach der Bebriitungszeit 
wurden sowohl die in der Nahrlosung suspendierten als die an der 
Oberflache sich aufschwemmenden Zellen als Versuchsmaterial 
geerntet. Das Hefematerial wurde durch Zentrifugieren von 
der Nahrlosung getrennt, darauf in seiner Gesamtheit zweimal 
auf der Zentrifuge mit Aqua dest. gewaschen und auf der 
Nutsche scharf abgepresst. Nach dem <Abwiegen der Gesamt- 
ernte wurde ein Teil derselben zur Bestimmung der Trocken- 
substanzmenge verwendet, wihrend mit dem Rest die Hisen- 
Porphyrinanalyse ausgefiihrt wurde. Im Falle einer auftretenden 
Infektion wurde der gesamte Versuch verworfen. 

Die Resultate sind in Tabelle IV gezeigt. 

Wie aus der Tabelle und Fig. 2 ersichtlich ist, steigt die 
Hefeernte von 1,2 bis 4,8 g, entsprechend den Zusiitzen des Hisens 
von 0 bis 10007; und zwar steigt die Kurve anfangs steil an, 
um dann langsam zur Horizontale umzubiegen. | 
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Auch der Gehalt an Eisen-Porphyrin zeigt einen merklichen 
Sprung bei den Versuchen von 10¥ bis 100y Hisenzusatz, unge- 
fahr den gleichen Wert wie bei Originalhefen erreichend (vgl. 
Tabelle ITI). 

Die Analyse des Hisengehaltes der geernteten Hefe erwies 
sich, dass die Hefezellen das zugesetzte Eisen der Nahrlésung 
restlos aufgenommen hatten. In der letzten Kolumne der Tabelle 
sind die Verhialtnisse des Porphyrin-Hisens zum gespeicherten 
Gesamt-Eisen angegeben, wobei angenommen ist, dass in der 
gereinigten Nahrlosung noch 2y Eisen als die letzte Verunrei- 
nigung unentfernt enthalten bleibt. 

Das Resultat spricht dafiir, dass eine minimale Menge des 
Hisen-Porphyrins zum Wachstum von Hefezellen unentbehrlich 
ist, und dass das Eisen als ein Aufbaumaterial schon in gerin- 
ger Konzentration die Bildung des Hisen-Porphyrins betrachtlich 
stimuliert. Ist nur eine geringe Menge Hisen der Nahrlosung 
zugefiigt, nimmt der % Gehalt der geernteten Hefe an Hisen- 
Porphyrin wegen des viel rascheren Wachstums der Hefe nicht 
bedeutend zu, und erst beim Zusatz einer grésseren Menge 
Hisens wird die Hefe reich an Hisen-Porphyrin. 

Es hat sich also gezeigt, dass unter meinen Versuchsbedin- 
gungen 1007 Hisenzusatz pro 11 Nahrlésung zur maximalen 
Entwicklung Hisen-porphyrins notwendig und hinreichend ist. 


3. Hinfluss des Kupfers auf die Entwicklung und den 
Eisen-Porphyringehalt der Hefe 


Versuch. Derselben Nahrlésung wie im vorigen Versuche 
wurde 100v Hisen fiir 12 zugesetzt und ihr dann die verschie- 
denen Mengen Kupfer in Form von Kupfersulfat zugefiigt. Die 
sonstigen Arbeitsweisen waren genau wie beim vorigen Ver- 
suche. 

Die Ergebnisse sind in Tabelle V angegeben. Die prozen- 
tualen Zunahmen der Hefeernte und dev Hisen-Porphyrinmenge 
wurden in Fig. 3 graphisch gezeigt. 

Aus der Tabelle und Figur ist zu ersehen: Der Zusatz des 
Kupfers in Gegenwart von Hisen erhéht die Hisen-Porphyrin- 
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produktion in bedeutendem Masse; etwa 10Y Kupfer pro 11 
Nihrlosung iibt eine optimale Wirkung aus. Bei hoheren Kupfer- 
zugaben sinkt die Hisen-Porphyrinmenge der Hefe wieder ab. Das 
Kupfer erhéht zugleich die Trockensubstanzproduktion in niedri- 
geren Konzentrationen, indem héhere Gaben eine geringe Hem- 
mune hervorrufen. : 


4. Spektroskopische Untersuchung der Hefe. 


Entsprechend dem niedrigen Gehalt an EHisen-Porphyrin, 
sah die aus der WHisenfreikultur gewonnene Hefe krankhaft 
weiss aus; die spektroskopische Untersuchung dieser Hefe lehrt, 


TABELLE V. 


Einfluss des Kupferzusatzes auf den Eisen-Porphyringehalt der Hefe: 


| 
Kupferzusatz aad 
pro Liter a ea re 10 25 100 
in ¥ ee att} at | | 
ay | 5,0 | 6,1 5; 
@) | 48 | 53 5, 5,5 
e 46 | 5,0 5,3 4,9 
Hefeernte | | ae 
oe Pet (4) 44 ple aD 4,2 
(5) | 4,4 | 5,1 4,9 
Durch- | re re - 
schnitt | 4,6 Sa | d,L 5,1 5,3 4,6 
ma \ ——————— ee 
(1) | 84 120 157 
@ | 96 125 109 155 
Torales Hisen- | (3) | 74 | 108 130 131 | 
porphyrin fiir | = 
gesamte Hefe- | (4) af 126 dal 8 
ernte in vy (5) 97 149 118 
Dureh- 
cehiite 88 118 121 147 140 105 
(1) 17 19.5 a eh) ihe 
(2) 20 | 24 22 28 
Wisen-Porphyrin (3) Te or kg va! 
fiir 1g Trocken- Cy | 8 | 24,5 24 22 
substanz in vy 6) oO 29 29 i 
22 2 29,5 24 
Durch- 
anaes Wee 22 23,5 28 26,5 23 
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Pins: 
Zunahme der Hefeernte und des EHisen-Porphyringehalts durch 
Kupferzusatz zu eisenhaltiger Nihrlésung. 


Kea Ses x Zunahme der Hefeernte 
® Zuahme des Hisen-Porphyringehaltes. 


40) 


30 


Hisen-Porphyringehaltes in % 


Zunuhme der Hefeernte und des 


Kupferzusatz in +. 


dass der Gehalt der Hefe an Cytochrom ausserordentlich herab- 
gesetzt war. Nur schwache Cytochrombander b und ¢ liessen 
sich erst in ziemlich dicker Schicht erkennen. Die Hefe aus 
der eisenhaltigen Niahrfliissigkeit zeigte dagegen ein deutliches 
Cytochromspektrum; ¢-Streifen war in seiner Intensitat am 
ausgezeichnetsten, b-Streifen etwas schwicher als c, und neben 
beiden scharfen Streifen war der schwache d-Streifen sichtbar. 
Alle Streifen nahmen mit steigender Hisenkonzentration der 
Nahrlosung stark an Intensitét zu. Aber es ist bemerkenswert, 
dass beim Zusatz von Hisen allein der Absorptionsstreifen von 
Cytochrom a spektroskopisch nicht nachgewiesen werden konnte. 
Erst nach dem Kupferzusatz trat der Absorptionsstreifen auf 
604 my auf, und pararell zur Konzentration des Kupfers stieg 
die Intensitét des roten Bande erheblich an. Es ist also fest- 
gestellt, dass die beiden Elemente Eisen und Kupfer zur Ver- 
vollstandigung des typischen, vierbandigen Cytochroms notwendig 
sind. Bei zu hohen Gaben an Kupfer neigten die beiden 
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eriinen Binder b und ¢ zur geringen Intensitaétsverminderung, 
wobei im einigen Fallen noch ein kontinuierlicher, verwaschener 
Schatten in der Gegend von griin bis Blau auftrat. 

Auch das spektroskopische Bild des Pyridinextraktes der 
Hefe veriinderte sich je nach der Art der Niahrlésung. Die 
eisenfrei geziichtete Hefe lieferte fast farblosen Pyridinextrakt, 
der nach Zusatz kleiner Menge Natriumhydrosulfits oder Hydra 
zins kaum erkennbares Himochromogenspktrum aufwies. In 
dem Pyridinextrakte der auf der eisenhaltigen und kupferfreien 
Nahrlosung geztichteten Hefe, die reich an Hisen-Porphyrin war, 
wurden natiirlich die gewohnlichen Himochromogenstreifen deut- 
lich erkannt, aber der akzessorische Streifen auf 586 mp nicht. 
Der letzte ging durchaus mit dem Cytochrom-a-Streifen parallel ; 
es ist demnach mit grosser Wahrscheinlichkeit anzunehmen dass, 
wie schon yon mehreren Forschern vermutet worden ist, (An- 
son, Mirsky) der Streifen auf 586 mp, welcher in Pyridin- 
extrakt aus Hefe auftritt, auf die a-Komponent des Cytochroms 
zuriickzufiihren ist. . 

Erganzend sei hier angefiihrt, dass auch ein Unterschied 
in der Farbe der Hefe auffallend war; die Hefemasse aus der 
Nahrlésung mit Hisen allein firbte sich rétlich, wahrend die Hefe- 
masse aus der Nahrlosung mit Eisen und Kupfer gelblich aussah. 

Im Anschluss an die bisher beschriebenen Untersuchungen 
bin ich auf die Frage eingegangen, inwieweit sich der Stoff- 
wechseltypus oder die andere biochemische Beschaffenheit der 
Hefe auf die Veranderung des Hisen-Porphyringehaltes und des 
Cytochromspektrums bezieht. 


IIf. Eryruuss von EISEN UND KuUPrER AUF DIE ATMUNGS- 
FAHIGKEIT UND DIE KATALYTISCHEN BHIGEN- 
SCHAFTEN DER HEFEZELLEN. 


Zuerst habe ich Atmungs- und Garungsgrésse der verschie- 
den genahrten Hefen untersucht. Im Anschluss hieran sind 
auch die katalytischen Higenschaften, wie Katalasewirkung, In- 


dophenoloxydasewirkung und Entfirbungszeit des Methylenblaus, 
untersucht worden. 
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Als Versuchsmaterialien wurden aus folgenden dreierlei 
Nahbridsungen gewonnene Hefen ausgewihlt: 1. Eine von Hisen 
und Kupfer befreite Nahrlésung, 2. Dieselbe mit pro Liter zu- 
gesetztem 100y Hisen. 3. Dieselbe mit pro Liter zugesetztem 
1007 Hisen und 10y Kupfer. Der Einfachheit halber sollen 
hiernach diese dreierlei Hefematerialien als 1. Fe-frei-Hefe, 2. 
We-Hefe, 3. Fe-Cu-Hefe genannt werden. Die Ziichtungsbedin- 
gungen waren genau wie bei den vorangehenden Versuchen. 


A. Gaswechsel der verschieden genidhrten Hefen. 
1. Methodik zur Messung des Gaswechsels der Hefe. 


Der Sauerstoffverbrauch und die Kohlensaureproduktion 
kamen durch die bekannten Barecroft-Warburg-Manometer zur 
Messung. 

Das Hefematerial wurde in folgender Weise hergerichtet. 
Nach der bestimmten Ziichtungszeit wurde die Hefe yon der 
Nahrlosung abzentrifugiert und mit 0,75%-iger Monokalium- 
phosphatlosung zweimal gut gewaschen. Das so gewonnene 
Material wurde wiederum in Phosphatlésung aufgeschwimmt bzw. 
damit entsprechend verdiinnt. Von dieser Suspension wurde 
1lecem in die Atmungsgefisse gebracht, zu der nachher je nach 
dem bestimmten Zweck entweder 1 ecm reine Monokaliumphs- 
phatlésung (0,75%) oder 1ecm Monokaliumphosphat-Rohrzue- 
kerlésunge (5% Zucker in 0,75%-iger Monokaliumphosphat- 
lésung) hinzugefiigt wurde. Die Versuche mit Zucker fanden 
also in 2,5%-iger Zucker-Phosphatlosung statt. Das einzelne 
Versuchsgefiss enthielt in der Regel etwa 2mg Hetetrocken- 
substanz. 

Als Hauptversuche wurden Sauerstoffverbrauch ohne und 
mit Zucker, Kohlensiureproduktion mit Zucker in Luft und in 
Stickstoff gemessen. Alle Versuche wurden bei einer Tem- 
peratur von 28°C in einem Warburgschen Thermostaten ausge- 
fiihrt. Nachdem das Manometer 15 Minuten lang bis zum Tem- 
peraturausgleich geschiittelt worden war, wurde die Ablesung 
der Manometerausschlige begonnen. 
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Zur Ermittlung der Fehlergrenze, welche durch Aufbe- 
wahrung der Hefe in Phosphatlosung verursacht werden kann, 
wurden die Stoffwechselversuche mit verschieden lang aufbe- 
wahrten Hefesuspensionen ausgefiihrt. Falls sie im Hisschrank 
aufbewahrt wurden, blieben die Stoffwechselwerte der Hefezellen 
einige Tage unverdndert, wahrend, falls sie in Brutschrank von 
25°C gebracht wurden, schon nach 18 Stunden eine auffallende 
Umstimmung eintrat. Es ist noch zu bemerken, dass die Werte 
im Laufe der Versuchszeit auffallenderweise variieren, was auch 
wihrend der Vorschiittelungszeit unvermeidlich eintreten kann. 
Es ist deshalb darauf zu achten, dass bei den jeweiligen Mes- 
sungen die Dauer des Vorschiittelns méglichst genau abgemessen 
wird. 


2. Atmungs- und Garungsversuche. 


Die vergleichenden Versuche mit vorher angefiihrten Hefe- 
materialien ergaben die in Tabelle VI und in Fig. 4 zusam- 
mengestellten Resultate. 

Zum Verstandnis der Versuchstabelle ist zu sagen, dass nach 
dem Vorschlag von Warburg folgende abgekiirzte Bezeichnun- 
gen gewahlt wurden: Qo, gleich Kubikmillimeter Sauerstoff, 

ti, gleich Kubikmillimeter Gesamtkohlensiiure, gemessen in 
Luft, und Q&%, gleich Kubikmillimeter Kohlensiure, gemessen 
in Stickstoff, pro Milligramm ‘Trockensubstanz und Stunde. 
Alle Werte wurden auf die ersten 30 Minuten der Versuchszeit 
bezogen. Ich habe auch den “ scheinbaren respiratorischen Quo- 
tienten ’’, den Wert | Q0%,/Qo,| berechnet und gleichfalls in der 
Tabelle gezeigt. . 
Aus der Tabelle kann ersehen werden: 
1. Vergleicht man die Mittel der Qo, Werte ohne Zucker 


zwischen dreierlei Hefen, so findet man, dass der Wert fiir Fe- 
Hefe um 35%, fiir Fe-Cu-Hefe um 70% hoher ist als fiir 
Fe-frei-Hefe. 

2. Noch auffallender ist der Unterschied, falls die Atmungs- 
grosse der Hefe in Zucker-Phosphatlisung gemessen wird. In 
diesem Falle liegt das Mittel der Qo,-Werte fiir Fe-Hefe um 
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TABELLE VI. 


Sauerstoffverbrauch, Kohlensiureproduktion im 
aeroben und anaecroben Zustand. 


Hefematerial Fe-frei-Hefe Fe-Hefe Fe-Cu-Hefe 
Qo, pine Zucker | 1 — 20 = 29 eA sy 
Di — 2 = 22 | = 25 
ee eee. eee, 193 — 42 
idea th +98 .-| — 36 
eee se be 4h 126 ay 
| Durchschnitt ee — 30 Se) 
Q,, mit Zucker | 1 — 27 = odd = 760 
2 — 25 — 40 — 43 
3 = 22 — 48 — 52 
4 | — 20) — 42 == 1 
| 5 | | — 45 — 55 
Durchschnitt Ss} — 44 = 52 
Q® | 1 + 85 +94 + 95 
2 | 2 + 93 + 63 + 52 
3 + 91 is + 76 
4 eo ES te 
| 5 | | + 81 + 74 
Durchschnitt Te ei iat ite + 15 
Q*® | 1 +106 +121 +155 
Rae | 2 +102 +101 + 91 
3 +101 +100 +111 
| 4 +123 +130 
5) +134 » +122 
Durchschnitt +103 +116 +122 
Scheinbarer 1 3,2 2,1 1,6 
feegaes 9 3,7 1,6 1,2 
3 4,2 1,6 1,5 
4 4,1 1,9 1,5 
5 1,8 A 
Durchschnitt 3,8 1,8 1,4 
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Fig. 4. 


Sauerstoffverbrauch, acrobe Kohlensiureproduktion wnd schembarer 
respiratorische Quotient der verschieden genahrten Hefen, 
gemessen und berechnet fiir je 10 Minuten. 
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Fe-frei-Hefe Fe-Hefe Fe-Cu-Hefe 
Trockensubstanz: Trockensubstanz : Trockensubstanz 


1.98 mg 1.96 mg 1.94 mg 


Kohlensaure- 
abgabe in emm 


1 


Sauerstoffauf- 
nahme in emm 


Quotient. 


Scheinbarex 
respiratorische 


90%, fiir Fe-Cu-Hefe um 125% hoher als fiir Fe-frei-Hefe. 

3. Im Gegensatz zu ansteigenden Atmungsfihigkeiten weisen 

die Fe- und Fe-Cu-Hefen durchschnittlich etwas niedrigere 

cé.-Werte auf als die Fe-frei-Hefen. Wenn man hier an- 
nimmt, dass die Atmungskohlensaure mit der Sauerstoffatmung 
pavallel geht, so ist aus den Versuchsergebnissen zu schliessen, 
dass die aerobe Girungsgeschwindigkeit der stirker atmenden 
Fe- und Fe-Cu-Hefe viel kleiner sein muss als die der schwacher 
atmenden Fe-frei-Hefe. 

4. Der kleinere Sauerstoffverbrauch und die gréssere 
Kohlensdureproduktion bei den Fe-frei-Hefen liefern selbstver- 
stindlich den hédheren “ scheinbaren respiratorischen Quotien- 
ten ’’. Das eleiche trifft auch auf Fe-Hefe und Fe-Cu-Hefe 
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zu. Entsprechend der grésseren Atmungsgrésse der Fe-Cu-Hefe 
ist der “scheinbare respiratorische Quotient ’’ bei der Fe-Cu- 
Hefe etwas kleiner als bei der Fe-Hefe. 

5. Trotz des scharfen Unterschieds in bezug auf die 
Atmung und die aerobe Girung zeigt die anaerobe Girungs- 
grosse zwischen dreierlei Hefematerialien relativ geringe Unter- 
schiede. Der durchschnittliche Q%,-Wert fiir Fe- sowie Fe-Cu- 
Hefe ist ein wenig hoéher als der Wert fiir Fe-frei-Hefe. 

6. Wenn man fiir einzelne Versuchshefen den Q,-Wert 
mit dem Q¢é,-Wert vergleicht, so “sieht man, dass die Ein- 
schrinkung der Girung durch die Sauerstoffatmung—sogenannte 
Pasteursche Reaktion—im Falle der Fe-Cu-Hefen am deutlichsten 
auftritt; dann folgen die Fe-Hefen, wihrend die Fe-frei-Hefen 
nur schwache Pasteursche Reaktion aufzeigen. 

Im Jahre 1925 hat Meyerhof in seiner bedeutsamen Arbeit 
iiber den Einfluss des Sauerstoffs auf die alkoholische Gairung 
der Hefe gezeigt, dass eine deutliche Verschiedenheit zwischen 
den Presshefen und den Brauereihefen in bezug auf den Stoff- 
wechse!l und besonders in bezug auf die Pasteursche Reaktion 
besteht. Die Atmungsgeschwindigkeit von Presshefe, gemessen 
in Zucker-Phosphatlosung, ist im Vergleich mit Brauereihefen 
betrachtlich gross. Auch die Einschrankung der Giarung durch 
die Atmung ist bei Presshefe viel deutlicher als bei Brauerei- 
hefen. Nach steigendem “ 
ten ’’ geordnet ergab sich fiir die wichtigsten Hefearten die 
Reihenfolge: Torula (1,1), Backerhefe (2 bis 3), obergirige 
Bierhefe (6 bis 10), untergiirige Bierhefe (10 bis 30). 

Im Zusammenhang mit dieser von Meyerhof entdeckten 
Tatsache ist mein Ergebnis von grossem Interesse; das Ver- 
halten der Fe-frei-Hefe ist mit der obergirigen Bierhefe zu 
analogisieren, dagegen lasst sich der Stoffwechseltypus der Fe- 
Hefe sowie der Fe-Cu-Hefe mit der wilden Hefe, Torula ver- 
gleichen. 

Hier sei noch auf die Umstimmung des Stoffwechsels der 
Fe-frei-Hefe hingewiesen. Wie in der Figur dargestellt, nimmt 
die Atmung der Fe-frei-Hefe in Zucker-Phosphatlosung im Laufe 


scheinbaren respiratorischen Quotien- 
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des Atmungsversuches dauernd zu; die Kohlensdureerzeugung 
steigt indessen nicht an. Demzufolge fallt der “ scheinbare 
respiratorische Quotient’? mehr und mehr ab und nahert sich 
dem der Fe-Hefe oder der Fe-Cu-Hefe. Die Fe-frei-Hefe ver- 
hilt sich also genau so, wie nach Meyerhof die obergarige 
Bierhefe in der Zucker-Phosphatlosung eine soleche Umstimmung 
erfahrt. Natiirlich kann man iiber den Mechanismus dieser 
Umstimmung von Fe-frei-Hefe nicht sichereres sagen, als dass 
er noch einer eingehenderen experimentellen Erforschung  be- 
darf. 


B. Katalytische Higenschaften der verschieden 
gendhrten Hefen. 


1. Methodik zur Messung der katalytischen 
Eigenschaften der Hefe. 


1. Bestimmuugsmethode der Katalasewirkung. Die Kata- 
lasestirke der Hefe kam nach der Vorschrift von Fujita und 
Kodama (1931) mit Hilfe des Bareroft-Warburg-Manometer 
zur Messune. 

Da die Katalasewirkung der Hefezellen dusserst verdénder- 
lich ist, und wenn die Hefe von der Nahrlésung abgetrennt 
und in Phosphatlésung suspendiert wird, die Katalasestaérke in 
kurzer Zeit erheblich ansteigt, so ist es unmoglich, die Katalase- 
wirkung der Hefe ohne besondere Vorbehandlung exakt zu 
messen. 

Nach einigen Versuchen erwies es sich als zweckmiissig, die 
Hefe in der mit Toluol gesiattigten Phosphatlésung zu suspen- 
dieren und dann zur Messung zu bringen, da im Gegenwart 
von Toluol die Katalasestirke der Hefe ziemlich konstant blieb. 
Die von der Naihrlosung abzentrifugierten Hefezellen wurden in 
der m/20 Phosphatpufferlésung von pH—7,4, die zuvor mit 
einigen Tropfen Toluol durchgemischt war, gleichmiissig auf 
eine geeignete Konzentration aufgeschwimmt. 

Die Messungen wurden mittels kegelférmiger Gefiisse bei 
einer Temperatur von 28°C ausgefiihrt. Die initiale Konzen- 
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tration des Wasserstoffperoxyds war 0,01m. Als Mass fiir 
die Katalasestiirke diente der “ Katalasequotient ’’ Qxat. nach 
Fujita und Kodama, welches die Kubikmillimeter Sauer- 
stoffablassung in 30 Minuten pro Milligramm Trockensubstanz 
der Hefe reprasentiert. Die gemessenen Werte wurden jeweils 
in Ruieksicht auf die Atmung korrigiert. 

2. Bestimmungsmethode der Indophenoloxydasewirkung. 
“Zur quantitativen Bestimmung der Indophenoloxydasewirkung 
der Hefe wurde das Verfahren von Keilin (1929) in etwas 
modifizierter Weise angewendet. 

Die Hefe wurde von der Nahrlésung abzentrifugiert, auf 
Zentrifuge mit m/20 Phosphatpuffer von pH 7,4 zweimal gewa- 
schen und wiederum in Phosphatpuffer auf die Konzentration 
von rund 10% aufgeschwaimmt. Nun wurde die Suspension in 
Wasserbad von 52°C 1,5 Stunden lang erhitzt, wodurch das 
temperaturempfindlichere, die Oxydasereaktion beeintraichtigende 
Dehydrasesystem der Zelle nahezu vollkommen vernichtet wurde. 
Die Messungen wurden bei 28°C wieder mit Hilfe der Barcroft- 
Warburg-Manometer mit kegelfirmigen Atmungsgefassen aus- 
eefthrt. 

Hauptraum: 1 cem wie oben vorbehandelte Hefesuspension 4- 

1leem m/20 Phosphatpuffer pH=7,4. 


Kinsatz: 0,5 cem 10%-ige Kalilauge. 
Birne: 0,2 cem 1%-ige wisserige Lésung von p-Phenyl- 
endiamin. 


Die Gefiisse wurden mit den Manometern verbunden und 
im Thermostaten geschiittelt. Nach Temperaturausgleich wurde 
der Inhalt der Birne in den Hauptraum eingekippt und nach 
30 Minuten der Manometerausschlag abgelesen. Die absorbierte 
Sauerstoffmenge in Kubikmillimeter pro Milligramm Trocken- 
substanz und Stunde soli durch die Bezeichnung Qma. gezeigt 
werden. 

3. Bestimmung der Entfirbungszeit von Methylenblau. 
Der Versuch geschah durch das wohlbekannte Verfahren von 
Thunberg, wobei das von Hirade (1934) modifizierte Thun- 
berg Rohr gebraucht wurde. Die Hefe wurde nach Waschen 
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mit m/20 Phosphatpufterlésung von pH 7,4 in gleicher Phosphat- 
lésung aufgeschwimmt. Die Trockensubstanzmenge in der Sus- 
pension war 20 bis 28mg pro leem. In einen Schenkel des 
Thunberg Rohrs wurde 1ecm der Hefesuspension gebracht, zu 
der entweder lecm reiner Phosphatpufferlodsung oder 1 ccm 
Glukose-Phosphatlisung (10% Glukose in Phosphatpuffer) hin- 
zugefiigt wurde; in dem anderen Schenkel wurde 1 cem 0,02 %- 
iger Methylenblaulésung aufgenommen. Alsdann wurde das 
Rohr mit einer Gaedeschen Vakuumpumpe verbunden und 1,5 
Minuten lang unter Schiitteln evakuiert. 

Die Versuchstemperatur war auch hier 28°C. Nachdem das 
Rohr einige Minuten in dem Thermostaten geschtittelt wurde, 
wurde der Inhalt der beiden Schenkel durch Umsttlpen des 
Rohrs vermischt und der Zeitdauer bis zur voélligen Entfarbung 
beobachtet. Um die Vergleichung der einzelnen Versuchsdaten 
zu erleichtern, habe ich die Reduktionszeit in jedem Falle fur 
25mg Trockensubstanzmenge umgerechnet. 


2. Versuchsergebnisse. 


Die erhaltenen Resultate sind in Tabelle VII aufgefiihrt. 
Wie daraus hervorgeht, nimmt der Gehalt der geernteten Hefe 
sowohl an Katalase als an Indophenoloxydase durch den Zusatz 
von Hisen zu der Nahrlosung bedeutend zu. Der mittelere 
Qrat.- Wie Qma-Wert der Fe-Hefe ist rund 6 mal so gross 
wie der der Fe-frei-Hefe. Diese Ergebnisse sprechen dafiir, 
dass das Eisen ein speziell bei Katalase- sowie Indophenoloxy- 
dasebildung der Zelle notwendiges Element ist, und dass die 
Wirkungsweise der beiden Fermente, wie bisher vermutet worden 
ist, eine Eisenkatalyse sei. 

Wenn man beztiglich der Indophenoloxydase die Fe-Hefe 
und die Fe-Cu-Hefe miteinander vergleicht, so sieht man eine 
bemerkenswerte Verschiedenheit zwischen den beiden. Die In- 
dophenoloxydase der Fe-Cu-Hefe ist stets auffallend stirker als 
die der Fe-Hefe. Auch durch den Versuch mit Nadi-Reagens 
liess sich dies leicht erkennen. Cohen und Elyehjem (1934) 
beobachteten, dass sich die a-Komponente des Cytoechroms in 
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TABELLE VII. 


Katalasewirkung, Indophenoloxydasewirkung und 
Entfairbungszeit von Methylenblau. 


Hefematerial Fe-frei-Hefe Fe-Hefe Fe-Cu-Hefe 
Qkat. | 6) 
| (2) +57 + 282 +222 
| (3) +41 +484 +238 
| (4) +26 +166 +236 
(5) +43 » +186 +369 
(6) +235 
| Durchsehnitt + 42 +271 +279 
Qina. | (1) | ae 055 = yh) ; — 6,0 
| (2) | = 0,5 — 24 — 6,0 
(3) ). = 05 — 2,6 — 6,8 
(4) P02 | | 
(5) = 08 SB | eA 
| Durchschnitt == O34: — 2,6 — 6,0 
Entfarbungszeit (1) | 11’30” | 10°40” 
i Poa | oe 
| (3) 30° £7 18’ 
| (4) | 2030” | 1140” | 183° 
| (5) 28°30” | 
| Durchsehnitt 26’ 1520” | 16’ 
Entfarbungszeit (1) | ie | 10’40” 
Ae ae | (2) | 1" 15’30” 
| (3) 18’ | 1130” =| 14’ 
(4) 15'30” Ea” 9’ 
| (5) | 18’40” 
| Durchschnitt | 17/20” | 10'30” 


12/20” 


Herzmuskel und Lebergewebe der Ratten bei hochgradiger Anae- 
mie ausserordentlich reduzierte und dabei die Nadi-Reaktion nur 
schwach war. Die Fiitterung mit Kupfer oder Kupfer und 
Eisen vermehrte dabei den Oxydasegehalt merklich, Hisen allein 
war aber vollkommen erfolglos. Mein Befund lehrt also in 
Ubereinstimmung mit ihren Resultaten, dass das Kupfer die 
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Bildung der Indophenoloxydase stark stimuliert, und dabei die 
Vermehrung der a-Komponente des Cytochroms immer beobachtet 
wird. Aber die Frage, ob das Kupfer zur Indophenoloxydase- 
bildung unentbehrlich sei, bleibt durch diesen Versuch noch 
ungelést, da die Kupferspur, die in der Nahrlosung noch un- 
entfernt’ zuriickbleibt, auf die Bildung der Oxydase einen aus- 
schlaggebenden Hinfluss austiben kann. 

Die Katalasewirkung der Hefe scheint dagegen durch den 
Kupferzusatz nur in unbedeutendem Masse beeinflusst zu werden. 


V. YZUSAMMENFASSUNG. 


1. Es wurde eine Bestimmunesmethode des mit Pyridin 
extrahierbaren Eisen-Porphyrins der Hefe angegeben. 

2. Wenn die Hefe auf der von Bisen befreiten Nihrfliis- 
sigkeit kultiviert ist, nimmt der Gehalt an Hisen-Porphyrin 
stark ab. Hisenzusatz zu Nahrlosung resultiert eine merkliche 
Zunahme an Hisen-Porphyringehalt. Gleichzeitiger Zusatz der 
geeeigneten Menge Kupfers mit Hisen erhéht die Eisen-Porphy- 
ringehalt der Hefe noch weiter, aber zu hohe Kupfergaben 
rufen eine geringe Verminderung des Hisen-Porphyrins hervor. 

3. Die Hefe, welche aus der eisenfreien Kultur gewonnen 
ist, ist durch kleinere Atmungsgriésse, gréssere aerobe Kohlen- 
Saureproduktion, weniger ausgepragte Pasteursche Reaktion, 
niedrigeren Gehalt an Katalase wie Indophenoloxydase gekenn- 
zeichnet. Auch das Reduktionsvermégen des Methylenblaus ist 
etwas herabgesetzt. 

4. Die Atmungsgrésse nimmt durch Hisenzusatz zur Nihr- 
losung betrachtlich zu, wahrend die aerobe Kohlensiureproduk- 
tion ein wenig abnimmt; die Pasteursche Reaktion tritt viel 
starker auf als bei der eisenfrei geziichteten Hefe. Sehr auf- 
fallend ist die Verstarkung der Katalase- und der Indophenoloxy- 
dasewirkung. 

5. Durch Zugabe von Kupfer zu der eisenhaltigen Nihr- 
losung wird die Indophenoloxydasewirkung stark gesteigert, 
wahrend die anderen Higenschaften, wie Atmungsgrésse, Kohlen- 
sdureproduktion, Katalasewirkung und Methylenblauentfarbungs- 
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zeit, wenig beeinflusst werden. 

6. Die aus der Hisenfreikultur gewonnene Hefe zeigt nur 
schwache Cytochromstreifen b und ec. Durch Zusatz von Hisen 
werden die beiden Streifen intensiv, jedoch kein Streifen im 
Rot. Erst nach dem Kupferzusatz zu der eisenhaltigen Nihr- 
losung gewinnt man die Hefe, welche neben den Streifen b und 
e den Cytochrom-a-Streifen aufweist. 


Es ist mir ein Bediirfnis, Herrn Prof. Dr. S. Kakiuchi 
fur seine freundlichen Ratschlige bei dieser Arbeit meinen be- 
sten Dank auszusprechen. 
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SUR LE METABOLISME DE LA CHOLESTERINE 
CHEZ LES COBAYES INOCULES AVEC 
DES BACILLES TUBERCULEUX. 


I. Sur le taux des cholestérines libres et éthérifiées dans le 
sang total du cobaye normal et du cobaye 
tuberculeux. : 


PAR 


K. YUSAWA. 


(Laboratoire de Biochimie du College Médical Shéwa.) 
(Reeu pour la Publication, le 5 avril, 19) 


Des nombreux auteurs ont déja publié plusieurs travaux sur 
le changement des lipoides dans le serum des personnes tuber- 
culeuses et voulu établir des relations entre la tuberculose et la 
valeur de Ja cholestérine dans le serum. Mais les résultats 
obtenus sont tout a fait contradictoires. Pour acquérir une 
conception plus biologique, il est nécessaire de faire une série 
d’expériences sur un grand nombres de sujets, sur les relations 
entre le taux de ces éléments et l|’effet pathologique. Alors j’ai 
entrepris de prélever le sang des cobayes et de les disséquer 
tout de suite apres. Cette dissection a été décrite selon la 
méthode de Monsieur le Professeur 8S. Sato (1934) telle qu’elle 
est décrite a Ja page suivante. En premier lieu, j’ai voulu 
déterminer le taux de la cholestérine libre et éthérifi¢e dans le 
sang total en Je comparant avec le résultat de la dissection 
Tel est V’objet principal du présent travail. 


MARCHE DES EXPERIENCES. 


Les animaux. 

Pour mes expériences, je me suis servi de 50 cobayes pesant 
chacun de 350er. 4 450¢r. La nourriture était constituée pour 
chaque cobaye par un mélange de 50 gr d’okara, 7.5 gr de carotte, 
12.5 ¢r d’orge et 25 er de choux comme légumes, et je les avais 
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eaves chaque jour matin et soir. L’expérience a été commencée 

en laboratoire 3 semaines aprés l’achat. Cependant j’ai constate 

que tous les cobayes utilisés étaient normaux ¢’est a dire négatifs 

envers la tnberculino-reaction de Romer-Joseph (1909). | Les 

cobayes sont partagés en 5 groupes principaux, 4 savoir: 

1* groupe: les 1émoins. 

2'me eroupe: ceux qui ont recu une 0.01 mg d’injection sous- 
cutanée d’émulsion de bacilles tubereuleux dans la région 
hypogastrique gauche. 

3° groupe: ceux qui ont recu une 0.1mg d’injection d’émulsion 
des bacilles tuberculevx. 

4°me oroupe: ceux qui ont recu la méme injection que la 3°™° 
eroupe. Ce groupe a été gracieusement donné par Monsieur 
le Professeur S. Sato a l'Institut des Maladies Infectieuses 
de 1’Université Imperiale de Tokyo. ns 

5°™ eroupe: ceux qui ont recu une 1.0mg d’injection d’émul- 
sion de bacilles tuberculeux. j 
L’expérience et la dissection furent exécutées au bout de 

10 semaines, car le Professeur Sato déclare que les symptémes 

tuberculeux apparaissent entitrement A cette époque. Les ré- 

sultats de la dissection ont été constatés par M. le Dr. Yanagi- 

sawa de 1’Institute des Maladies Infectieuses de l'Université 

Impériale de Tokyo. 


L’EMULSION DE BACILLES TUBERCULEUX. 


Les bacilles que j’ai utilis¢s ici sont proviennent du service 
de fabrication de la tuberculine de 1’Institut des Maladies In- 
fectieuses. Ces bacilles avaient été cultivés 4 37°C pendant 3 
& 4 semaines sur bouillon glycériné. Ils étaient recueillis et 
pressés sur le papier filtre stérilis¢ pour éliminer le plus possible 
la liquide qui les imprégnait. Alors ils étaient mesurés en poids 
défini et émulsionnés avee la solution physiologique de chlorure 
de sodium. 

L’émulsion était diluée avee cette solution de maniére que 
0.5 ce. de ’émulsion contienne respectivement 1.0 mg. O.1meg et 
0.01 mg de bacilles tuberculeux. Tous les traitements étaient 
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aussi aseptiques que possible. 


LA DETERMINATION DE LA CHOLESTELINE. 


Le prélévement de sang était fait par ponction au coeur. 
Le sang était toujours pris 4 jeun, entre 20 et 24 heures aprés 
Valimentation. Pour empécher le sang de coaguler, les haparines 
(Schering-Kahlbaum) ont été utilisés comme anticoagulants. Ils 
étaient employé au taux de 5 milli-crammes par 5ee. de sang. 

Le cholestérole dans le sang total était dosé selon la techni- 
que de Monsieur le Dr. Onizawa. (1928/29) Mais cette méthode 
ayant l’inconvénient de laisser des bacilles vivants, voici com- 
ment j’ai procédé: Pour extraire la cholestérine, 150 ee. d’un 
mélange d’acétone et d’alecool (a volume égal) est utilisé pour 
5ec. du sang total. J’ai extrait cette quantité de sang avec le 
rafraichisseur reflux pendant 4 4 5 heures. Aprés avoir épuisé 
la graisse du sang par le mélange de solvant, j’ai fait le méme 
traitement selon la méthode du Dr. Onizawa. 


RESULTATS EXPERIMENTAUX. 


1. Dans le premier groupe des cobayes, les témoins, j’ai 
d’abord mesuré Je taux de la cholestérine libre et éthérifiée dans 
le sane total des cobayes 3 semaines apres leur vie de laboratioire 
et en méme temps Je poids corporel. Apres 10 semaines, j’ai 
fait le méme calcul sur les mémes animaux. 

J’ai montré dans les tableau I et II les chiffres obtenus 
pour des cobayes ainsi expérimentés. 


1 Groupe 


SUNS ale 


L’augmentation du poids du corps du cobaye a l'état normal. 


8 Mo- 

No. 1 | No. 2 | No. 3 | No. 4 | No. 5 | No. 6 venue 

gr. gr. or. er. er. gr. gr. 

Avant Je traitement 380 390 370 435 450 410 406 
10 semaines aprés 600 520 540 625 625 590 584 
différence +220 | +130 | +170 | +190 |} +175 | +180 178 
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Neves, Ile 
La teneur des cholestérines libres et éthérifieés dans 
le sang total des cobayes témoins 
valenr exprimée en gr pour 100 ce. du sang total 


Woe DL |) INi@s BING BE ites. Ze | ING, @ | ING. & eae 
Yo %o Yo % %o Jo Jo 
Chol. total | 0.069 | 0.077 | 0.065 | 0.058 | 0.068 | 0.089 | 0.071 
Chol. libre | 0.050 | 0.065 | 0.054 | 0.044 | 0.052 | 0.051 | 0.056 
Chol. éthér. 0.019 | 0.012 | 0.011 | 0.014 | 0.016 | 0.018 | 0.015 
libr/éthér. 2.6 54 4.9 3.2 Be 2.8 8.7 
Apres 10 
semaines 
Jo Sol % |  % || ied ee 
Chol. total 0.068 | 0.091 | 0.055 | 0,060 | 0.088 | 0.073 | 0.073 
Chol. libre 0.055 | 0.075 | 0.044 | 0.050 | 0.073 | 0.055 | 0.059 
Chol. éthér. 0.014 0.016 | 0.011 | 0.010 | 0.015 | 0.018 | 0.014 
libre/éthér. 3.9) ihe £7 3.9 5.0 6.4 4.7 4.2 


Le tableau II montre qu’il n’y a pas de différence considérable 
dans le taux de la cholestérine avant et aprés 10 semaines chez 
les cobayes témoins. 

2. les résultats des expériences du 2°™¢ groupe conduites 
comme je Vai indiqué plus haut, sont consignés dans le tableau 
suivant (Tableau III, IV et V). 


2’me Groupe. 


(PAB. LEE 


L’augmentation du poips du corps du cobaye tuberculeux 


No. | No. | No. | No. | No. | No.| No.| No.| No.| No. | 64 
31] 32] 33] 34] 35) 36] 87| 38] 39| 40 |a5 


27, ee 2 2 || J or oor: | coo or 
Le poids du corps 
avant Jl’expéri-| 380) 360) 340) 380} 380} 350) 380) 370) 400] 340) 362 
ance 


Le poids du corps 
ala 1éme semaine 
aprés la con- 
tagion. 


520} 480) 400)mort}mort|mort| 570) 510;/mort} 410] 482 


La différence du 
poids du corps +140)+120)+ 60 +190)+140 + 70!+120 
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TAB, 


HAVis 


Le résultat de Ja dissection du cobaye tuberculeux 
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No. 


No. 
32 


No. 
3S 


No. 
34 


No. 
35 


37 


No. 
38 


No. 
39 


No. 
40 


L’ulcére local 


Le ganglion lympha- 
tique inguinal super- 
ficiel 

Le ganglion lympha- 
tique iliaque gauche 
Le ganglion lympha- 
tique inguinal super- 
ficiel droit 

Le ganglion lympha- 
tique iliaque droit 
Le ganglion lympha- 
tique axillaire gauche 
Le ganglion lympha- 
tique axillaire droit 
Le ganglion lympha- 
tique rétrosternal 


Le ganglion lympha- 


tique rétropéritoneal 


Le ganglion lympha- 
tique periveineux 
portae 


Le ganglion lympha- 
tique tracheobron- 
chial 


Le poumon 

Le foie 

La rate 

Le poids de la rate 


0.8 gr 


++ 


0.6 gr 


1.3 gr 


man- 


qué 


man- 
qué 


0.7 gr 


++ 


0.6 gr 


man- 


qué 


0.4 gr 


Les marques (+) et (—) indiquent le degré de l’altération tubercu- 
leuse dans le ganlion lymphatique. 


+ signifie le gonflement de la grandeur d’un grain de riz. 


++ signifie la gonflement de la grandeur d’un petit pois. 

+++ signifie de la grandeur d’un haricot. 
+++4+ signifie de la grandeur d’une féve. 

Dans les viscéres. 

+  sgignifie l’existence de 1-2 tubercules dans l’organe. 

++ signifie ’existence d’un certain nombre de tubercules dans 


Torgane. 
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+++ 
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Tag. V. 


le sang total du cobaye tuberculeux. 


signifie que moins de la moitié de Vorgane est atteint. 
signifie que plus de la moitié de l’organe est atteint. 


No. 31] No. 32 No. 37 | No. 38 ihos 
No. 33 No. 39 Fenne 
pris des duex pris des deux 
Jo Yo Jo 
Cholestérole total 0.090 manqué 0.084 manqué| 0.087 
2 libre 0.079 0.071 0.075 
» éthérifié 0.011 0.013 0.012 
libr/éthér. Ocal 5.0 6.3 


Le tah. III montre moins d’augmentation du poids corporel 
des cobayes tuberculeux que de celui des témoin. 


Le tab. IV. montre que les animaux ne présentent que peu 
daltération tuberculeuse. 


entre |’état normal, et l’état pathologique. 


3. On trouvera dans le tableau V, VI, VIII ci-dessous les 
résultats des expériences du 3°™° groupe. 


3’me Groupe. 


Le tab. V n’indique aucune différence 


AWARE Ls 
L’augmentation dn poids du corps du cobaye tuberculeux. 
No. | No. | No. | No. | No. | No. | No. | No. | No. | No. | $ x 
21} 22) 23) 24) 25 | 26) 27] 28) 29] 30); ae 
Sr eer eer Sti er cer orl anise om er er 

Le poids du corps i cs % x .. = * ~ 
avant JVexpéri-| 340 | 340 | 270 | 340 | 320 | 340 |mort| 270 | 320 | 320 | 318 
ence 
Le poide ducorpe 
& la 10e€me sema- c 
inetapres leone mort|mort|mort| 380 | 340 | 420 | — | 380 | 430 | 360 | 385 
tagion 
La différence = |) S|) ae 40 20) 80) 2 Oo) aoleene7 
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Le résultat de la dissection du cobaye tuberculeux. 
No. | No. | No. | No. | No. | No. | No. | No. | No. | No. 
21 22, 23 24 25 26 27 28 29 30 
Vuleére local mort|mort/mort| — = — mort | — = oa 
Le ganglion in- 
guinal  superficiel Sache = =f Ste cle ate ete ct te 
gauche 
Le ganglion iliaque at = 
superficiel gauche 7 % a= 
Le ganglion in- 
guinal = superficiel ap se = SP Se ae _ 
droit 
Le gangtion iliaque = xd a a a 
droit et 
Le ganglion avxil- se a va on x 
laire gauche 7 
Le ganglion axil- af a es nc ws 
laire droit | a 
Le ganglion retro- @ - os mi a 
sternal ei 
Le ganglion retro- om ia aa tat _ 
peritoneal = 
Le ganglion peri- = < 9 
veineux portae ig oe Panes 
Le ganglion tra- ag os fos a as = 
cheo-bronchial 
le poumon = = = a = = 
le foie = = = = = = 
le rate ieee oa = = SS nicer 
le poide de la rate Pil hy ORG) KOM) 0.9 0.9 | 2.3 
gr gr 
Ae, WALO EM 
La teneur de cholestérines libres et éthérifiées dans le 
sang total du cobaye tuberculeux. 
No. 24 INo. 25|No. 26\No. 28|No. 29) No. 30 | Moyen- 
pris de deux | pris de deux ne 
Jo Jo Jo 
Cholestérole total manqué 0.095 0.073 manqué| 0.084 
Cholestérole libre 0.080 0.059 0.070 
Cholesterole étharifié 0.015 0.014 0.015 
libre/éthér. eS 4.2 4,7 
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Le tab. VI démontre que l’augmentation du poids corporel 
est trés faible, ce que j’attribue au poids initial de moins de 
350 grammes. 

L’altération tuberculeuse contatée dans le tableau VII était 
la méme que celle du tableau IV. Le tab. VIII n’indique ancune 
différence entre l’état normal et |’état pathologique. 

4. Les résultats d’expériences du 4°™° groupe sont réunis 
dans les tableaux IX,,X et XI. suivants. 

C’est le groupe des cobayes donnés par le Prof. Sato et 
M. Dr. Yanagisawa de 1’Institut Impérial de Maladies Infec- 
tieuses. Ils les avait utilisés comme témoins pour la cure 
chimique des cobayes tuberculeux. Dans tous les cas des tab. 
X, VII et IV il n’y a presque aucune altération tuberculeuse. 
Mais j’ai constaté l’altération tuberculeuse dans la préparation 
histologique du ganglion lympatique gonfié. Le Dr. Yanagisawa 
a bien voulu examiner mon expérience et déclarer qwil étaite 
de méme avis. le lecteur observera que le résultat du tab. X 
est identique 4 celui des tab. VII et IV. ; 

5. Les cobayes du 5°™° groupe ont donné les: résultats que 
l’on trouve dans les tableaux suivants. 

Le tableau XIV montre que la cholestéline libre augmente 
de 50% jusqu’a 14% et la cholestérine éthérifiée de 133.3% 
jusqu’a 0%. 


4&me Groupe. 


TVA UX. 


L’augmentation du poids du corps du eobaye tuberculeux. 


No. | No. | No. | No. | No. | No. | No. | No. | No. | No. | mo- 
51 52 53 54 Bs) 56 oT 58 59 60 |yenne 


. oT er or i rT Yr or ° fox 
Le poids dul 8 | 8 |) Scene oer) er en er eons 


corps avant l’ex-| 405} 477) 437) 450} 380) 455} 405) 410] 390] 3877) 410 
perience ; 


le poids du 
corps A la 10&me 
semaine aprés 
Vinfection 


530;}mort} 515) 560) 510) 555} 515) 525) 520) 600) 536 


la différence d . 
bods eas ee +125 +78 |+110)+130|+120)+110]+115]+ 130] -+ 223/+ 126 
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TAB, X. 
Le résultat de la dissection du cobaye tuberculeux. 
=) 
No. | No. | No. | No. | No. | No. | No. | No. | No. | No. 
oi 52 58 OMe OOM OL ale OS. -O9) I) 59!) 160) 
L’ulcére local — |mort} -— — _ — = = = = 
le ganglion in- 
guinal superficiel | + SESE ae ae =F a + + = 
gauche 
le ganglion iliaque “th me 
gauche os <3 = a5 a a a 
Le ganglion in- 
guinal  superficiel |+ + ++ ae oe #5 [tose oats [ie ae su 
dorit 
eae iliaque a . 4 = rr ei ui rg 
Le ganglion axil-| _ . - 
laire gauche : 2 a = 
le ganglion axil- x 
laire droit a a 7 <= is a a os 
le ganglion retro- 
sternal ey A 4 aaa Naa el A cle) (as 
le ganglion retro-| = my - 
peritoneal = 
le ganglion peri- < , = 3 - Ss é 
veineux portae a a 
le ganglion tracheo- | _ oe? =, =i a = a i 
bronchial a a 
le poumon = Siaeatg = = = = = = = 
la foie = Spar ael| as ae = = = a = 
le poids de la rate | 0.7 I=075 | 0.6) O45 120.5 |) 0.5 | O25: 1 Or 
Tap. XI. 
La teneur des cholestérines libres et éthérifiées dans 
le sang total du cobaye tuberculeux. 
No. | No No. | No. | No. | No. 2 
owl Nout) o2 | 2? nee 57 | 58) 59] 60 a 
Boyt Re pris de oY pris de pris de S 
deux deux deux 4 
Via % man- % 7 7 
Cholestérole 0.068] 0.100} 0.088 qué 0.090 0.089 0.08 
Cholestérole libre 0.045] 0.088] 0.073 0.077 0.071 0.071 
Cholestérole éthérifié | 0.023/0.012| 0.015 0.013 0.017 0.016 
libre/éther, Ome ltess 4.9 5.9 4.2 4.4 
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heme Groups: 
UIVATS pe oled ts 


L’augmentation du poids du corps du cobaye tuberculeux. 


No. | No. | No. | No. | No. | No. | No. | No. | No. | No. 
81| 82 83 84 85 | 86 87 88 89 90 


Mo- 
yenne 


Le poids du corps ") 
avant Vexpéri-| 385 | 340 | 390 | 430 | 370 | 420 | 385 | 380 | 415 | 390 | 388 
ence 


le poids du corps 
& la 10 éme sema- 


: Sa) 2s 455 | 500 |mort| 520 | 385 | 425 |mort|}mort|}mort| 585 | 485 
ine aprés l’infec- 


tion 

la différence de = eS x 

poids du corps |* /%*160 + 90+ 15/+ 5 +195|/+ 97 
Tas. XIV. 


La teneur des cholésterines libres et éthérifiées dans le sang 
total du cobaye tuberculeux 


No. 81| No. $2| No. 84] No. 85| No. 86] No. 88| No. 90 pee 
Cholestérole total 0.120] 0.081] 0.094] 0.063] 0.110] 0.087| 0.103 | 0.094 
Cholestérole libre 0,085 | 0.066] 0.073| 0.051| 0.078] 0.068| 0.089} 0.074 
Cholestérole éthérifié | 0.035) 0.015] 0.021] 0.012| 0.032] 0.019] .0.014| 0.022 
libre/éthér o4 as Van |43 |o4 | 36 |64 aga 


L’augmentation de la derniére est done plus forte que celle 
de la premiére. Le cobaye No. 85 dans le tableau XIV est une 
exception: chez lui la valeur de la cholésterine libre et éthérifiée 
était au-dessous de la normale et la tuberculose des viscéres 
était de la forme exsudative. 


Résumé 


Je ne tirerai ici aucune conclusion, parce que je veux étu- 
dier plus en détail les sujets suivants. 

(1) A quels éléments du sang est due l’augmentation de 
la cholestérine dans le sang total des cobayes tuberculeux? aux 
globules rouges ou au plasma? . 

(2) Au bout de combien de semaines commence-t-elle? 
Quel rapport a-t-elle avec apparition de la réaction tuberculine? 
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+t + +44 +++ |+4+4+4+]4+4+4+4+ F+tt| +444 
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++ + bHtt | +++ t++ | +444 
t++ + + + ++ +++ |++4+4 ++4++] 44+ 
+++ ++ +++ ++ ++ 4 t+++] + 
++ ++ ++ + ++ +++ ++ 
+ = = - “fo + 
+++ a Pee ++ + + + + 
++4 a ++ ++ +t ++ 
es - - - = + ++ 
+++ ++ ++ +4 t+ + ++4+4 
++ ~ ++ +: ++ +: 
b+ ++ +++ ttt+] +++ [+444 +f ++4+4 
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(3) Dans quels organes observe-t-on Vaugmentation et la 
diminution de la valeur de la cholestérine? 

(4) Les deux formes de la tuberculose, productive et 
exsudative, ont-t-elles quelque rapport avec la valeur de la cho- 
lestérine dans le sang total? 

je me bornerai 4 résumer comme suit mes expériences. 

1. Il n’y a aucune différence entre les cobayes témoins et 
les cobayes tuberculeux, qui ont recu une injection souscutanée 
de 0.01 mg et 0.1mg d’émulsion de bacilles tuberculeux de viru- 
lence faible. Ils ont seulement une légére altération tubercu- 
leuse du ganglion lymphatique régional aprés 10 semaines. 

2. Les cholestérines libres et éthérifiées dans le sang total 
augmentent en moyenne d’environ 27% et 40% chez les cobayes 
tuberbuleux qui ont recu en injection, l’émulsion de 1.0mg de 
bacilles tuberculeux de virulence puissante. On constate. une 
grave altération tuberculeuse de plusieurs ganglions lymphatiques 
et de plusieurs viscéres dans la dissection aprés 10 semaines de 
contagion. 

Ce m’est un devoir d’exprimer ma reconnaissance 4 M. le 
Professeur S. Kakiuchi de la Faculté de Médecine de 1’Univer- 
sité Imperiale de Tokyo pour l’aide, qu’il n’a cessé de me pro- 
diguer au cours des ces travaux. Je remereie égalemant M. le 
Professeur 8S. Sato et le Docteur K. Yanagisawa A l’Institut 
des Malades Infectieuse de 1’Université Impériale de Tokyo qui 


m’ont procuré trés gracieusement des matériaux précieux pour 
mes recherches. 
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INTRODUCTION. 


Dental Caries is the most widely distributed disease of 
mankind, peoples of all countries and all races being subjected 
to its ravage. It has been estimated that from 85 to 95 percent 
of the people of the civilized races suffer from it. 

There are many factors which induce a tooth to develop 
caries, although the susceptibility to the disease fluctuates from 
time to time. 

The position of the teeth, the structural peculiarities of the 
enamel and of the dentine, the character of the diet, the amount 
and composition of the saliva, the sort of bacterial flora, certain 
constitutional factors, and the degree of hygienic care of the 
mouth, are factors which have been considered as responsible 
for the development of caries. 

Although the chemico-paratitic theory proposed by W. D. 
Miller (1885) to explain the development of dental caries is 
fairly satisfactory and is almost universally accepted at the 
present time, there remain still certain important phases of the 
problem to be explored. Experiments concerning these points 
are reported in the following pages. 


I. Tuer Souupiuity or HumMAn ENAMEL 


The first experiment was to investigate the solubility of 
enamel by acidic substances under different conditions. 
Experiments on enamel solubility have been conducted 
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previously by H. P. Pickerill (1924) ; J. Head (1920) ; F. F. 
Kanthak (1932); J. R. McClelland (1926)., etc. Their methods 
lacked, however, generally quantitative treatments, and their 
results are hardly useful for exact discussion. 


A. Material. 


The enamel used in this experiment was all prepared 
myself from molars chosen from the same aged people and free 
from diseases of hard structure. The enamels were sectioned 
into moderate pieces (Ca 50mg of weight), and special atten- 
tion was paid to free them from dentine. 

The pieces were then washed first in running water, followed 
by distilled water, and placed in alcohol for one hour; then 
put for fifteen minutes in the ether and kept in a desiccator 
for over a day or until their weight became constant. Hach 
piece of enamel was then carefully weighed. This washing and 
drying treatment was naturally repeated also before weighing 
after treatment with acids. 


B. Method of Experiment. , 


Each piece of enamel was placed over glass wool in a small 
beaker with many holes in the bottom. A dozen beakers of this 
kind were again placed on a round table with many holes and 
the whole was immersed into 50. ce of different sorts of. acidic 
solutions contained in a beaker of 100 ce. capacity (See Fig. 1). 
After the lapse of 12 hours the pieces were taken out and 
rinsed with distilled water and dried through alcohol and ether. 

The difference of weight of each piece before and after the 
treatment was taken as the amount of enamel dissolved. 

Reagents. The reagents used for the preparation of the 
buffer solution and each kind of acid used were all high grade 
Merck samples. 

The pH value of the solution was determined colorimetrically. 

Viscosity. The viscosity of the solution was determined 


by the use of Ostward’s viscosimeter and expresed as relative 
viscosity. 
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The enamel] used in this experiment and 
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C. Results of Experiment. 


Fig. 1. 


The solubility of enamel by a solution different in pH 


the following ones 


TABLE I. 

ET Sort of buffer pee Loss of weight 
1.038 a HCl Ca 11 hours entirely dissolved 
2.0 Citrate-HCl ast Soa a 

3.0 B os 5 days | a 

4.0 Acetate Loe 5 re 

5.0 gy Ep ” 

5a Citric acid-NaOH wp DS a 27.28 % 

5.97 3 eee ys 12.99 % 

6.33 ae ae 5.03 Yo 

6.77 Borie acid-borax Peas (een ce | none 

7.94 a m, “lig op ” 

8.98 eS tren tb Be ” 

6.67 Distilled water ee 5 
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consisted almost always of pieces taken from individuals twenty 
five years of age. 

The solutions of different acidity were obtained by the use 
of citrate-HCl, acetate-acetic acid, citric acid-NaOH, and boric 
acid-borax. 

As can be seen from table I enamel does not dissolve in 
a solution over 6.77 Ph value even after 50 days, while it 
dissolves quite readily when the Ph value is lowered under 4. 

The solution at Ph 6.33 begins to dissolve enamel after 
prolonged application. 

2. The solubility of enamel in different sorts of fruit juice. 
In this experiment the solubilities of enamel in the juice of 
lemon, citrus sinense, apple, grape, pear and vinegar were 
compared. 

The Ph value of each solution was also determined. The 
result of the experiment is given in order of solubility. 


TABLE II. 
Sort of juice jist Percentage of enamel dissolved 
Lemon 2.4 77.03 % 
Vinegar Shi 27.89 % 
Citrus sinense 2.6 18.85 Yo 
Apple 3.7 5.08 % 
Grape 3.3 2.47 % 
Pear 4.4 1.72 % 
Grape of Italian Origin 335) 1.45 % 


The table shows that the solubility of enamel did not solely 
depend on the Pu value of the solution. This suggests that 
other factors were also present in these cases. 

I have, therefore, proceded to examine the effect of the 
viscosity of the solution and of titration acidity on the solubility 
of enamel. 

3. The effect of the viscosity of the solution of the solu- 
bility of enamel. 

Three sorts of solutions of the same acidity and of different 
viscosity were prepared by the mixture of 40.ce of 0.7 mol 
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acetic acid with non, 5.ce, and 10.ce of glycerin and putting 
the whole of each mixture into 50.ce of distilled water. 

The viscosities of these solutions were 1.073 1.397 and 1.832 
respectively. 

The solubilities of enamel in these solutions were as follows. 


TABLE ELT. 


Permanent Enamel (from persons 25 years old) 


Viscosity Solubility of enamel PH 
1,073 33.06 % 2.5 
1.397 26.53 Yo Bass 
1.832 18.54 % 25 


The table indicates that the more the solution is viscous, 
the less solubility results. 

4. The effect of titrable acidity on the solubility of enamel. 

99.05 ec. of 90 % lactic acid (Merk) were added to 141.98 
ec of I. N. NaOH and diluted with water to 1. liter. The PH 
value of this solution was 3.1. By adequate dilution of this 
solution, solutions of different molar concentrations (0.5, 0.22, 
0.1 and 0.05) were prepared. The viscosity of the solution was 
made the same (1.13) in all solutions by the addition of gly- 
eerin. Into this series of such solutions enamel from a person 
25 years old was immersed for 12 hours 22°C. The result is 
shown in table 4. 


AW Gesaraie ORs 
concentration in mol 0.5 | 0.22 | 0.1. | 0.05 
percentage of solubility 83.54 | 59.51 | 36.63 | 24.18 


As is clear from the table, enamel dissolves much greater 
in the more concentrated lactic acid than in its weaker solutions 
of the same hydrogen ion concentration. 

5. The effect of titration and PH value of lactic acid on 
the solubility of enamel. 

Three kinds of lactic-lactate solution having Ph 3.52, 3.82 


and 4.12 were prepared. Total concentration of lactic acid was 
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0.1 mol in all of these solutions. Titration values differed, 
however, as in 0.067, 0.05 and 0.83 mol. Solubility experiments 
with these solutions gave the following results. 


TABLE V. 


Solubility of enamel from persons 25 years old during 12 hours 
at 22°C, placed in a solution having a viscosity of 1.02. 


No Titration - PH Titration acidity Solubility 
Acidity PH (percentage) 
il 0.067 52 19 27.04 
2 0.05 3.82 13 18.00 
3 0.033 2 12.41 


We can perceive from the table that the solubility of enamel 
total acidity 
pH 

6. The factors influencing the solubility of enamel by fruit: 
juices. 


in lactic acid solution roughly varies as the ratio of 


In considering the results of the effect of PH value, viscosity 
and titration value of acid solution on the solubility of enamels, 
these values were measured in the fruit juices mentioned under 
section 2. The titration value was determined either with 0.1 
or 0.02N NaOH solution. 


TABLE VI. 

: Titration we ee: Titration value | Solubility 

Sort of Juice | PH Sane Viscosity prs ristosie perccunice 
Lemon 2.4 1.14 N. 1.32 0.36 77.03 
Vinegar 3.1 0.72 1.08 0.215 27.89 
Citrus sinense | 2.6 0.276 1.24 0.0856 18.85 
Apple Sci 0.068 Lave 0.0134 5.08 
Grape 3.3 |. 0.043 1.58 0.0082 2.47 
Pear 4.4 0.028 1.70 0.00374 1.72 
Grape ofItalian| , - iw 
Grinin Bis 0.012 1.82 0.0019 1.45 


It can be seen from the table that the solubility runs 


titration value 


fairly parallal with : - 
PH x viscosity 


, while the Pu value of the 
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juice alone fails to explain entirely the difference in the degree 
of solubility. 

7) The difference in solubility of deciduous, adolescent and 
senile enamel and the comparison of solubilities between ena- 
mels obtained from persons different in susceptibility against 
caries. 

Pieces of enamel were obtained from persons aged 11 (deci- 
duous second molar), 25 and 55, and their solubility in acidic 
solution was compared. The difference in solubility was also 
compared between enamels obtained from persons almost com- 
pletely immune to caries and those who were quite susceptible 
to caries. 

0.7N acetic acid was used as an acid solution. The PH 
value was 2.5 at the beginning of the experiment and did not 
differ much after each experiment. The viscosity of the solu- 
tion was 1.073. The duration of time was 12 hours. The result 
is shown in table 7. 


TABLE VII, 
: weight of enamel Solubility 
Sort of enamel ; 
before after Pereentage 
Deciduous 107.63 mg 53.30 mg 50.47 
Young 208.84 mg 139.78 mg 33.06 
Old 160.32 mg 103.55 mg 35.41 
Relatively immune 718.91 mg 493.46 mg 31.36 
Susceptible 640.22 mg 412.49 mg BDO 


D. Summary. 


1. The enamel is not affected by a solution at a PH value 
higher than 6.77, even after fifty days at 37°C. 
2. The solubility of enamel is dependent upon 
a) hydrogen ion concentration, 
b) the titrable acidity in case of the same Pu value, and 
ce) the fluidity of the solution. 
3. The deciduous enamel is most soluble in acid. 
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4. Among the permanent enamels the adolescent ones are 
less soluble in acid than the senile ones. 

5. The solubility of the enamel obtained from persons 
highly susceptible to caries is greater than those from persons 
almost completely immune to caries. 


TI. Some PuHysico-cHEMICAL CHARACTERISTICS OF SALIVA. 


For many years it has been considered that various abnor- 
mal conditions of the teeth and the soft tissue of the oral 
cavity are associated with changes in salivary secretion. There 
is, however, a divergence of opinions. Some investigators state 
that saliva protects teeth from caries, while others ascribe the 
occurrence of caries to the deleterious effects of salivary com- 
position. 

To find a possible relation, if any, between the nature of 
saliva and earies susceptibility, I proceeded to examine some of 
the physico-chemical characteristics of saliva from about 2000 
people, the majority consisting of school boys and girls, with 
reference to the different susceptibility of individuals. 

The physico-chemical characteristics examined in this ex- 
periment were the volume, viscosity, PH and buffering value of 
saliva. 

A total of 1904 persons were examined, selected from 
kindergarten, primary school (904), high school (376, 283) and 
college. 


A. The methods of examination. 


1) Without any preliminary cleaning of the buccal cavity, 
the saliva was collected into a clean glass stoppered bottle 
numbered for each individual, generally at 10 a.m. In the 
collection of saliva the use of any activating agent was avoided. 

2) The Pu value was examined immediately after the 
collection using La-Mott’s apparatus. 

3) The quantity of saliva which was collected during 30 
minutes was measured. Regarding the degree of secretion, cases 
over 16.ce were designated as large, while cases under 9. ce, as 
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small, and cases between 10. and 15.cec, as medium in all of 
the following considerations. 

4) The viscosity was determined by Ostwald’s viscosimeter. 
The cases in which relative viscosity amounted to over 4.0 were 
rejected from our examinations. 

5) The buffering action of saliva was examined by 
Michaelis method using paranitrophenol as an indicator. 

6) The examination was performed as soon as_ possible 
after collection and when longer time was needed owing to the 
large number of specimens collected, I kept them in an ice-box. 
Almost all examinations were always finished, even in these 
eases, Within four hours after collection. 

7) Special attention was always paid to the character of 
the teeth of each individual, and the number of caries was 
noted, filled and crowned teeth being also counted as carious 


e 
ones. 


B. The result of examination. 


Out of a total of 1904 persons 895 were males and 1009 
females. A total of 1811 persons were affected with caries, of 
whom 833 were males and 978 females. The percentage of 
affection was therefore 95.1%, males 93.1%, females 96.9%. 

The total number of teeth examined were 46234, 10844 of 
which being affected with caries, the percentage of affections, 
therefore, being 23.5%. 

The quantity of saliva collected for 30. minutes averaged 
14.8ce. The relative viscosity varied between 1.05 and 3.12, 
averaging 1.31. 

The Pu value was between 6.10 and 7.78, with au average 


TasLe VIII. 


amount | viscosity | Pu value | buffering | percentagejnumber of 


Sex of of of power of of persons 
saliva saliva saliva saliva caries examined 
Male , 15.4 leo 7.03 15.2 20.9 895 


Female 14.2 1.31 6.75 13.8 25.5 1009 
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of 6.88. The buffering power varied considerably, changing 
between 5.0 and 25.6 with an average of 14.5. 

The average values for both sexes are given in table 
VIII. 


1. The relation of the degree of carious affection with 
physico-chemical characteristics of saliva. 


The results of all the examinations were classified according 
to the degree of carious affection. People with iess than 3 
carious teeth were considered “ relatively immune ’’; those with 
4-7 affected teeth, ‘medium affected ’’; and those having more 
than 8 affected teeth, “highly affected ’’. 

As table IX indicates, the saliva of persons completely or 
almost completely immune to caries has a larger volume, greater 


TABLE IX. 
Volume of | Viscosity of Pe of Buffering Number of 
saliva saliva saliva power Der oee 
examined 
relatively 15.2 1.33 7.06 15.7 x 
pS et 5.2 ee ‘5 3 UD: 658 
medium 
atiectea 14.8 ec 1.31 6.80 TA? 716 
highly ; = 
affected 14.2 ec 1.28 6.70 18333 530 
TABLE X. 
Factors Percentage of carious teeth 
Volume of saliva 16 — 35 ce 22.5 
for 30 minutes 5) ——= ilayere 24.5 
Relative viscosity more than 1.31 21.2 
of saliva less than 1.30 25.0 
Pu value of over 6.88 19.2 
saliva below 6.87 28.4 
Buffering power higher than 15.0 19.2 
of saliva lower than 14.9 26.9 
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viscosity, higher Pu value and stronger buffering power than 
that of persons inclined to earies affection. 

When we re-classify the results according to the degree of 
volume, hydrogen ion concentration, viscosity and _ buffering 
action of saliva, we find again the same intimate relation among 
volume, viscosity, hydrogen ion concentration and _ buffering 
action of saliva and the degree of caries, as is shown in Table X. 


2. The relation of age and the degree of carious affection 
with reference to the change of physico-chemical 
characteristics of saliva. 


In table 11 and figure 1. are shown the change of the 
above mentioned characteristics with the age of individuals. 

As can be seen from the table and figure, girls in almost 
all ages secrete a smaller amount of saliva with a smaller PH 
value and a lower buffering power than boys of the same age. 
In viscosity alone there is no significant difference seen between 
both sexes. The percentage of carious teeth is also greater in 
girls than in boys, except at the ages of 8-12, when girls are 
a little less affected than boys. This exception at the ages of 
8-12 is probably due to the earlier occurence of the exchange 
of deciduous teeth with permanent ones in girls. The minium 
of carious affection in both sexes coincides with the time of the 
completion of the exchange period. 


C. Summary. 


1. Persons secreting larger quantities of saliva of greater 
viscosity, higher PH value and stronger. buffering power are less 
affected with caries than those secreting saliva lower in these 


qualities. 
2. Girls are more affected in caries than boys of the same 


age, except at the exchange period. 
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TABLE XI. 
Number a Percentage 
Age Sex of mein Viscosity ae ae: of carious 
People 7a ‘ affection 

6 Male 22 16.0 ce 1.29 6.91 16.7 30.8 
Female 14 14.0 ee 1.36 6.80 13.9 43.1. 
7 5 YS) 15.0 ce 1.29 6.96 15.9 35.6 
5S 93 15.5 ee 1.27 6.91 13.4 43.0 
8 53 111 15.7 ee 13h 6.97 14.0 40.2 
xs 80 - 15.5 ce 1.32 6.97 12.7 37.0 
9 x 81 16.0 ce eS 6.96 14.8 37.0 
99 63 14.3 ce 1.32 6.87 13.4 35.7 
10 yp 42 16.8 ce 1.33 7.16 15.6 26.0 
oc D1 15.0 e¢ 1.39 7.16 15.4 19.5 
nu | » 79 | 159¢e¢e] 1.36 ae 16.0 22.7 
” 85 14.7 ee 1.37 7.12 16.2 18.4 
12 5 46 16.6 ce 1.35 7.01 15.3 alltel 
a 35 16.0 ce 1.30 6.99 13.8 13.2 
3 6» 49 | 15.7ec] 1.36 7.14 15.1 12.0 
” 112 15.1 ce 1.32 6.98 14.0 15.3 
14 ” 72 15.2 ce 1.29 Led il 15.9 12.1 
” 186 14.1 ce 1.30 7.05 13.8 19.8 
ie n 133 13.3 ee 1.28 7.02 15.3 12.4 
»” 53 12.0 ce 1.28 6.91 12.4 23.0 
16 a 96 | 139¢e¢| 1.31 7.03 15.5 13.4 
. 31 15.0 ee 27 6.94 12.6 29.2 
17 6 68 15.1 ee 13 7.03 15.3 14.9 
a 12 15.5 ce 1.30 6.94 14.4 27.0 
F< 25 | 145ce| 1.30 6.95 14.6 17.0 
* 39 12.5 ce 1.26 6.77 131 30.6 
19 ” 16 16.0 ee 1.38 6.99 14.7 21.0 
» 28 12.0 ce 1.25 6.84 14.7 27.0 
21-22 | Female 80 15.9 ce 32 6.81 13.1 32.2 
23-32 a 47 14.7 ee 1.32 6.80 13.8 28.3 
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THE ACIDIC FERMENTATION IN ORAL CAVITIES AS 
THE DEVELOPMENT OF CARIES. 


FEL 
A FACTOR IN 
Under sections I and II I have examined the solubility of 


ename! in acidic solutions and the nature of saliva as the pos- 
sible factors influencing the development of carious tooth. As 
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the third factor I shall consider the degree of introduction or 
production of acidic substances in oral cavities. If we constantly 
eat strong acidic substances, it is quite possible that our teeth 
are apt to be corroded. The same dangerous effects may also 
oeeur when the acidic fermentation of sugar substances takes 
place constantly in an oral cavity. 

As is already known many kinds of mouth microorganisms 
are capable of splitting sugar stuffs into lactic and other acids. 

The kinds and amount of these microorganism vary a great 
deal with the constitutional and nutritional conditions of the 
individual and also with the degree of dental aid. 

It seems quite natural to suppose that under the same 
condition of teeth and saliva, the development of caries may also 
be promoted by the degree of acidic fermentation. 

In this experiment the powers of acidic fermentation of 
mouth washings, obtained under definite conditions from 1267 
individuals, were examined and their results were compared with 
the degree of carious affection. 


A. The collection of mouth washings. 


Each individual was asked to held ca 12. ce of artificial 
saliva, prepared by the mixture of 78.2 milligram percent of 
K, 46.0 of Na, 12.0 of Ca, 1.2 of Mg, 161.9 of Cl, 18.6 of PO, 
and 1.9 of KCNS. having PH 6.0, and to clean the surface of 
the teeth five times with a dry sterilized brush. All washings 
were put into separate bottles. 

The collected washings were always opaque, colorless or 
slightly colored, and had PH 6.0-6.2. 


B. Examination of acidic fermentability of 
mouth washings. 


3. ce of the collected mouth washing were added to 10. ce of 
artificial saliva, above mentioned, containing 5 percent glucose 


or cane sugar. The mixture was placed in an incubator at 37°C 


for 48 hours and 10. ce of the mixture was titrated with a0 


NaOH to determine the amount of acidic aubstance produced. 
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It may be mentioned that both the sugar solution and the 
artificial saliva were sterilized in Schimmelbush for 45 minutes. 


C. The comparison of the percentage of carious teeth with 
the acid fermenting power of mouth washings. 


In the following the persons were divided into three groups 
according to the number of carious teeth. People with less than 
3 carious teeth were called “ immune;’’ those with 4-7 affected 
teeth, ‘“‘medium affected ;’’ and those having more than 8 affected 
teeth, “highly affected ’’ ° 

In table XII, the PH values of fermentation mixture and 
the volume of NaOH used for neutralization of acid produced 
are shown according to the three grades of carious affections. 


TABLE XII. 
Glucose Cane Sugar 
x ns Number of 

ee om saa pci caries NaOH used NaOH used 
ees Percentage | Pu |for neutra-| Pu |for neutra- 

lization lization 

relatively immune 8.2 % 3.40 4.06 cc 3.41 4.18 ce 

medium affected 21.8 % 3:25 4.68 ce Bay] 4.55 ee 

highly affected 43.8 % 3.09 5.51 ee 3.20 4.62 ec 


The table indicates clearly the fact that people whose 
mouth washings have higher fermentating power with a greater 
production of acid are apt to be highly affected with caries. 


D. The comparison of the number of treated curious teeth 
in persons with artificially sound sets of teeth with 
the acid fermenting power of mouth washings. 


In the preceding section it was shown that the more carious 
affected person produces more acid fermenting mouth washings. 
With the possibility in mind that the carious cavity may be a 
resort for microorganisms, the relation above mentioned may 
represent only the result of the caries cavity for the prodution 
of fermenting mouth washing and may not indicate the causual 
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relationship of fermenting power to induce carious teeth. To 
exclude this possibility, cases were pick up, in which carious 
teeth were all treated, either filled or crowned, and a comparison 
made as: in the previous section. The result is shown in table 


11832 
TABLE XIII. 
_ Glucose Cane Sugar 
. Number of 
Jegre 3ayY s - 

: poe irae artificially NaOH used NaOH used 
al sound teeth} PH |.for neutra-| PH |for neutra- 

lization lization 

relatively immune 6.3 J 3.39 4.32 ee 3.46 4.03 ee 

medium affected 21.9 % ESP 4.47 ec 3.42 4.33 ce 

highly affected 36.3 % 3.12 5.32 ce Bell 4.59 ee 


From the table it can be said definitely that people who 
are apt to be affected with caries, produce more acid fermenting 


washings even when the whole set of teeth is completely 
treated. 


E. The relations of PH and titration value with 
carious affection. 


In the following tables, persons were divided into groups 


TABLE XIV. 
1). PH value and percentage of caries. 
PH of fermented Number of persons P # Gar 

Mtane ae and ercentage of caries 
Male 35 Male 40.3 % 

2.8 Female 32 Female 38.3 % 
Total 67 Average 39.3 % 

Male 66 Male 22.6 % 

3.3 Female 78 Female 22.6 % 
Total 144 Average 22.6 Y%o 

Male 12 Male 17.3 % 

3.8 Female ile Female 17-6 % 
Total 29 Average 17.5 % 
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2). Titrable acidity. and percentage of caries. 


Amount of N/100 NaOH used for neutra- Number of e t ¢ 

lization taken in average in two groups persons prcenigee © 

with greater or less than 4.84 examined BASIS 
6.31 358 Slee 
3.78 499 22.5 


according either to PH value or to titrable acidity of the fer- 
mented glucose mixture given by mouth washings, and the per- 
centage of carious teeth in those groups was recorded together. 

From this table it can be said that persons with mouth 
washings capable of more acid producing power suffer more from 
dental caries. 


FP. Acid producing power of mouth washings in 
different ages of both sexes. 


In the following table and figure are recorded the average 
of acid producing powers of mouth washings in different ages 
in both sexes. 


TABLE XV. 


Number of persons Amount of N/100 NaOH used for titration 
examind in fermented glucose in fermented cane 
cgi solutions sugar solutions 

Male Female |_ a er 

Male | Female Male Female 
8 56 51 5.14 5.19 4,96 5.01 
9 68 62 5.11 5.17 4.83 5.07 
10 51 50 5.04 5.24 4.75 5.05 
ial 50 51 4.84 5.10 4.53 4.81 
12 51 58 4.53 4.75 4.36 4.70 
ils} 52 52 4.45 4.69 4.01 4.74 
14 51 50 4.72 4.35 4.39 ° 4.45 
iff) 50 54 4.80 4.38 4.60 3.96 


As can be seen from the table and figure, the acid fermenting 
power of girls always predominates that of boys. 
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Fig. 3. 


Titration’ 
value of 
cane Sugar 
solution 


Pu of 
cane sugar 
solution 


Titration 
value of 
glucose 
solution 


Pu of 
glucose 
solution 


G. Summary. 


1.. The mouth washings of the person suffering little from 
dental caries have small acid producing power when digested 
with sugar solution and vice versa. 


2.. The acid producing power of mouth washings is stronger 
in girls than in boys. 


0) REFERENCES. 


Agnew, M. C. and Tisdall, F. F. (1933): J.A.D.A., 20, 193. 
Babkin, B. P. (1928): Die Aussere Sekretion Der Verdaungsdriisen. 
Beck, H. (1929): Ergebnisse Neuerer Speichel Untersuchungen. 
Bodecker, C. F. (1932): Dental Cosmos., 74, 548. 

Buntinge RenwWe(O33) tunes 205 773: 

Clark,iG. W. and Carter, K. L. (1927): J. Biol. Chem.. 73, 391. 
Feibusch, L. (1922): Deutsch monat. f. Zahnheilk., 631. 

Ferries, H. C. (4621): Dental Cosmos., 63, 1093. 

Gans, L. R. (1926)! J.A.D.A., 13, 222. 

Head, J. (14920): Modern Dentistry., 2nd edition. 


Factors concerning the development of dental caries. 689 


Henderson, M. and Millet, J. A. P. (1927): J. Biol. Chem., 75. 559. 

Howe, P. R. (1923): Dental Cosmos., 64, 333. 

Howkins, H. F. (1934): J.A.D.A. 21, 630. 

Kanthak, F. F. and Benedict, H. C. (1932): Dental Cosmos., 74, 439. 

Kauffman, J. H. (1923): Dental Cosmos., 64, 698. 

Kirk, E. C. (1914): Sixth Internatio. Dent. Cong., 38. 

Marshall, J. A. (1917): Dental Cosmos., 59, 835. 

McClelland, J. R. 0926): Dental Cosmos., 68, 127. 

Miller, W. D. (1902) (1903): Dental Cosmes., 44, 437. 45, 689. 

Pickerill, H. P. (1923): The Prevention of Dental Caries and Oral 
Sepsis. 

Pohle, E. und Strebinger, E. (1923): Dent. Monat. f. Zahnheilk., 306. 

Sato, K. (1927): Nihon Shika K6kukagakukai Zasshi. 33. 1. 

Starr, H. E. (1922): J. Biol. Chem., 54, 43, 55. 


a tar, 


cs — 
GRO’ pice hae 


Came ee Wes. 
ee ry Garr NG eee . 
eS ht 
CA 
bas ~ oe a 
. . a Ah 
~ ——* e 
aes Per 
Ps com 
= Sf gets SAR gta 
i aN ” 
Egat re CUS tee - 
iJ) - £ aot : vi 8 i t, _ Ae Pie: 
wo sie t fis. ane ae 7 
be mee ' 


ws fs it ine F , i (a Bans 


Ria) s- = P oi ind —_ 
oe eee ra rs . ie ‘ ‘ y F 
oo ab theme rf " a eS ak Ld So? 
- as : i ee 
pteten : 
‘ dN ¢ * 
ts Ns ae 4 
— - 
: a 
= ~ 
a ~— 
a é 
LA 


The Journal of Biochemistry, Vol. 25, No. 3. 


EFFECTIVENESS OF STROMA PROTEIN ON THE 
PRODUCTION OF HEMOLYSIN. 


By 


NORIO SHIMAZONO 


(From the Institute of Biochemistry, Tokyo Imperial University. 
Director: Prof. 8S. Kakiuchi. 


(Received for publication, April 8, 1937) 


I. INTRODUCTION. 


Since the fact was confirmed by Bordet (1900), that the 
hemolysinogen of red blood corpuscles exists in the stroma and 
not in the hemolyzed liquid, attempts were made by many in- 
vestigators to find the effective constituent of stroma that could 
induce the hemolysin formation in the organism injected with 
it. Attempts were made to extract the effective substance with 
ether-or boiling benzene from ox erythrocytes or stroma by 
Bang and Forssman (1906) and Takaki (1908), and _ its 
near relation to lipoid was determined by them from its solu- 
bility. Landsteiner and vy. d. Sheer (1925) found the hemolysin 
inducing power of the mixture of alcoholic extract of horse 
erythrocytes and pig serum, when injected into rabbits, while 
each of these two components separately had no effectiveness. 
They considered that the alcoholic extract was lipoid and this 
behaved as hapten when mixed with pig serum as a schlepper. 
The same results were obtained by Misawa (1925), Sakamoto 
(1928) and Tobaya (1929) with the erythrocytes of many 
animals and they concluded that the erythrocytes of some ani- 
mals had only lipoid hemolysinogen, some only protein and some 
both lipoid and protein. 

The stroma of erythrocyte is composed of lipins and pro- 
teins intimately bound and the mere treatment with alcohol, hot 
benzene, ete., is hardly sufficient to separate these two compo- 
nents completely. It is, therefore, still a question to decide 
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whether we are able to anounce the chemical nature of the 
lysinogenic power so far as the above researches are concerned. 
I have tried, therefore, under the guidance of Professor S. 
Kakiuchi, to study the effective hemolysinogenic constituent of 
stroma. For this purpose it is necessary to separate the protein 
and the lipin of stroma as completely as possible under a mild 
treatment. As was formerly shown by Kawai (1929) of this 
Institute, the hemolysis induced by means of the photosensibi- 
lization with hematoporphyrin is probably due to the dissolution 
of the colloid-chemical association between lipin and protein. I 
have, therefore, tried to separate the lipin and the protein 
fraction by this photosensibilization method and examined the 
hemolysinogenic character of each fraction. The results of the 
experiments are given in the following sections. 


II. IMMUNIZATION EXPERIMENT WITH OX ERYTHROCYTE STROMA. 


A. Preparation of stroma. 


600 ce. of defibrinated ox blood, filtered through cotton-wool, 
was well mixed with the same volume of 0.85 % sodium chloride 
solution. Erythrocytes were then separated as much as possible 
from the mother liquor by centrifugation, and washed three 
times with the addition of 900cc. of 0.85 % sodium chloride 
solution and subjected to centrifugation each time. The eryth- 
rocytes obtained were hemolyzed with 2400 ce. of water, and the 
stroma was precipitated from the solution by the addition of 
2000 ce. of 0.01n hydrochloric acid. The precipitate was repeatedly 
washed with water, until no colouring substance exists in the 
supernatant liquid. Then the mixture was neutralized with 0.01 
N sodium hydroxide solution, when a uniform suspension of 
stroma was obtained. To this solution 0.01 n hydrochloric acid 
was added in order to precipitate the stroma again, and the 
same procedure of washing was repeated as above, until the 
stroma precipitate became entirely colourless. Neutralized with 
0.01 n sodium carbonate solution, 220 cc. of 1 % stroma suspen- 
sion were obtained. Evaporated in vacuum it gave an almost 
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colourless powder, which contained 11.18 % of nitrogen (deter- 
mined by micro-Kjeldahl). It is precipitated from its neutral 
or alkaline medium completely at pH 5.6 on the addition of acid. 


B. Method of immunization. 


dee. of the above obtained stroma solution were injected 
intravenously into rabbits weighing 2.5-3 ke at intervals of 6— 
7 days after 3 and 6 injections the hemolysin titers of the 
inactivated sera were tested, by adding 0.2-0.5 ec. of 10 fold 
diluted guinea-pig serum, corresponding to 2 units of comple- 
ment, and (0.5 ¢e. of 2.5 % suspension of washed ox blood cor- 
puscles to 0.5 ec. of progressively diluted serum. The normal 
hemolysin against ox blood present in the guinea-pig serum was 
removed previously by absorption with ox blood corpuscles at 
low temperature. After the lapse of 2 hours in an incubator 
at 37°C., the degree of hemolysis was examined. The agglutinin 
titers were also determined by adding one drop of 2.5 % sus- 
pension of washed ox blood corpuscles to each 0.5 ec. of pro- 
gressive dilutions of the inactivated immune sera and examin- 
ing the agglutination of the erythrocytes after 2 hours in the 
incubator. 

In the following tables the agglutinin or hemolysin titer 
is given by the highest dilution of tested serum in which age- 
lutination or complete hemolysis occured. 


C. Results. 


The effectiveness of stroma on the production of hemolysin 
and agglutinin was proved as shown in Table I. 


TABLE I. 


Hemolysin titer Agglutinin titer 
Antibody | No. of 
inducer | Rabbit before | after 3 | after 6 | before | after 3 | after 6 
injection |injections|injections| injection |injections|injections 


af 1600 400 5 400 
Stroma 2 0 800 400 J 100 200 
3 0 800 800 0 100 400 
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IIL. SBPARATION OF LIPIN AND PROTEIN OF STROMA. 


A. Irradiation of stroma in the presence of 
hematoporphyrin. 


Hematoporphyrin was added in the concentration of 0.004 
% into 200cc. of the 1% suspension of stroma. After the 
lapse of 1.5 hours in the dark place the mixture was irradiated 
within a Petri’s dish with 1000-Watt and 1500-Watt electric 
lamps at a distance of 50cm., avoiding heat effects by cooling 
with an electric fan. The effectiveness of hemolysin inducing 
power did not diminish when the duration of irradiation re- 
mained one hour, as is shown in the following table. 


TABLE II. 
Hemolysin titer Agglutinin titer 

Antibody No. of 

inducer Rabbit | before | after 3 | after 6| before | after 3 | after 6 

inj. injs. injs. inj. injs. injs. 

Apr ares 4 100 100 0 100 400 
irradiated 5 0 400 200 0 50 

Soe 6 50 100 0 20 
30 minutes 7 100 200 5 5 
irradiated 8 0 800 200 2 100 

SEE) 9 200 200 2 20 

ieee: 10 0 400 100 2 20 
irradiated 11 0 50 200 2 100 

stroma 12 200 200 2 

Strains 13 0 100 20 5 
irradiated 14 0 800 200 il 

sizome 15 0 20 20 1 


B. Extraction of the livin fraction of stroma. 


The irradiated stroma suspension was made pH 8 by the 
adequate addition of 0.1 n hydrochlorie acid and mixed well with 
the same volume of alcohol. The mixture was then added to 
the same volume of ether and petroleum ether and well shaken. 
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The ether-petroleum ether portion was removed, and the water 
portion was repeatedly treated as above with ether and petroleum 
ether, until nothing is extracted in the ether portion at all. 
The water portion was concentrated, neutralized with 0.1 n sodium 
carbonate, and the dilution was adjusted to get a 1% solution 
of stroma protein. 

The ether-petroleum ether portions were brought together 
and evaporated to dryness in vacuo at 40°C. in a slow current 
of carbon dioxide. The dried extract was dissolved in a mixture 
of 1 volume of alcohol, 3 volumes of ether and 3 volumes of 
petroleum ether, filtered and the solvent was evaporated. The 
chloroform solution of this dried residue was extracted repeatedly 
with water at the alkaline reaction with the addition of alcohol 
in order to remove the mixed hematoporphyrin, ete. Chloroform 
was evaporated, and the dried residue was dissolved in water- 
free ether. The insoluble portion was removed by centrifuga- 
tion, and the solvent was evaporated. The residue was again 
dissolved in pure petroleum ether, centrifuged and the super- 
natant liquid was evaporated. By this treatment from 6800 ce. 
of ox defibrinated blood 7.78 gm. of pure lipin was obtained. 


lV. THE IMMUNIZATION EXPERIMENT WITH THE LIPIN 
FRACTION OF STROMA. 


A. Chemical properites. 


The obtained lipin portion is readily soluble in ether, 
petroleum ether or chloroform, and precipitates partially from 
its solution by the addition of acetone or alcohol. It is soluble 
in hot aleohol. Both Salkowski’s reaction and Liebermann- 
Burchard’s reaction are positive. Molisch’s reaction and 
orcinol reaction are negative. The content of nitrogen is 1.16 
%, determined by micro-Kjeldahl method, and phosphorous, 
2.23 % by Fiske-Subbarow’s method. Thus the ratio of P:N 
i pall Foe Was bray 


B. Method of Immunization. 


2 ec. of 10 % alcoholic solution of lipin fraction were poured 
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quickly into 20 ce. of ten fold diluted pig serum. Sodium oleate 
Merck was added in amount of 0.5 % to secure the emulsifica- 
tion of lipin. After a lapse of 1-2 hours at room temperature, 
5ee. of it were injected into the marginal vein of a rabbit’s 
ear. As a method of control the lipin solution without pig 
serum or pig serum without lipin fraction was prepared and 
injected in the same manner. The injections were carried out 
every 5-7 days and on the 5th-7th day after 3,6 and 9 injec- 
tions the blood was taken out and examined for hemolysin and 
agglutinin. 


C. Results. 


The results obtained by the immunization with the lipin 
fraction of stroma are as follows. 


TABLE ITT. 
Hemolysin titer Agglutinin titer 
Antibody No. of . 
inducer Rabbit }before] after | after | after |before| after | after | after 
inj. |8 injs.|6 injs./9 injs.| inj. |3 injs.|6 injs.|9 injs. 
16 0 0 0 0 
Lipin fraction 17 il 0 0 0 0 0 
and pig serum 
(sodium oleate 18 0 0 0 0 1 2 2 
added) 19 0 0 0 (0) 0 1 2 
20 0 0 0 0 0 0 
Lipin fraction al 0 Y 0 0 
(sodium oleate 22 0 0 il 
added) 23 0 0 1 ‘ 
Pig serum 24 0 0 0 0 0 0 it 0 
(sodium oleate . 
added) 25 0 0) 0 0 all 2 il 
Pig serum 26 0 0 0 0 1 1 1 2 
alone 27 0) 0 0 0 1 2 


From Table III we can see that the lipin fraction of stroma 
has no lysogenic or agglutinogenic power, not only when 
injected alone, but even when injected with pig serum as a 
schlepper. 
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V. EXPERIMENT WITH THE PROTEIN FRACTION OF STROMA. 


A. Chemical properties. 


The water portion obtained by the method described under 
experiment IIT is a colloidal solution, and is precipitated within 
the range of pH 6-5 and dissolved by the addition of alkaline. 
Precipitation tests and colour tests for protein are both positive. 
It contains 15.45 % of nitrogen. The amount of lipin which 
was estimated by the Bloor’s oxydimetric method applied after 
the saponification by the Kumagawa-Suto’s method, was 
0.021 %. 


B. Immunization experiment with the protein fraction. 


5 ec. of 1% solution of protein fraction contaiving 0.85 % 
sodium chloride were injected intravenously. In some experi- 
ments the influence of the addition of 1/10 volume of pig serum 
to the protein fraction was also investigated. The results 
obtained are shown in Table IV. 


TABLE LV. 
Hemolysin titer Agglutinin titer 
Antibody No. of 
inducer rabbit before after 3 before after 3 
injection | injections injection injections 

Protein 28 0 512 0 16 

fraction 29 256 9 39 

3 2 

Protein fraction ee o GA 16 

and 31 0 ‘5 2) 0 256 

pig serum 39 64 () 32 


Table IV proves that hemolysinogen and agglutinogen exist 
in the protein fraction and the addition of pig serum seems to 
have no influence on the effectiveness of these antigens. 


C. Immunization experiment with the mixture of lipin 
and protein fractions. 


0.2e¢m. of lipin fraction was dissolved in warm alcohol and 
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poured quickly into 20ce. of 1% solution of protein fraction. 
Sodium oleate was added in amount of 0.56% to secure the 
emulsification of lipin. After a lapse of 2 hours at room tem- 
perature 5ce. of it were used for intravenous injection. The 
injection was repeated every 5-7 days and on the 5th—7th day 
after 3 and 5 injections the hemolysin and agglutinin titers 
were estimated. The results are shown in the following table. 


TABLE V. 
Hemolysin titer Ageglutinin titer 
Antibody No. of 
inducer Rabbit | before | after after | before | after after 
inj. 3 injs. | 5 injs. inj. 3 injs. | 5-injs. 
on 0 aie) 0 4 
Lipin fraction 34 0 16 1 64 
and protein 
fraction 35 0 2 16 1 16 16 
(sodium oleate a5 s 
idea) 36 0 2 it 16 
Bu 0 16 0 0 
38 0 32 64 2 16 128 
Protein fraction 39 0 128 256 al! 2 32 
(sodium oleate : 9 
added) 40 0 64 16 1 8 ay) 
| 41 0 64 1 Ul 


From this result it is. observed that the mixture of the 
protein and lipin fractions gives no stronger lysinogenic and 
agglutinogenic effectiveness than the protein fraction alone. 


CoNCLUSION. 


1. The lipin fraction of ox erythrocyte stroma shows no 
action as hemolysinogen and agglutinogen, even when pig serum 
is added as a schlepper. 

2. The protein fraction of ox erythrocyte stroma, from 
which lipin is removed as completely as possible, acts still as a 
strong hemolysinogen and agglutinogen. 

3. The hemolysin- and agglutinin-inducing action of ox 
erythrocyte stroma depends on the antigenic property of the 
protein portion, whereas the lipin portion seems to have no 


-— 


—————————— ee lS lee e,hlUce 


— ee Oe 


Stroma Protein as Hemolysinogen 699 


influence on it. 


I wish to express my sincere thanks to Professor 8S. Kaki- 
uchi for his kind advice and encouragement in carrying out 
this investigation. 
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I. INTRODUCTION: 


The mechanism of creatine formation within the animal 
body, is still quite unknown, notwithstanding the effort of many 
previous investigators. We have hitherto almost no idea what 
substance is its precursor and at what organ or tissue it is 
formed. I have therefore made some inquiry into these ques- 
tions. The first difficulty I met was the estimation of creatine 
in blood, organs ete. Since Folin in 1904 reported his colori- 
metric determination of creatine, various modifications of this 
method were attempted by many investigators, without however 
reaching to any perfect method. In the following I am going 
to report my modified method of creatine determination, which 
I believe to be more satisfactory than all of the former methods, 
though I have not examined the new 3,5-dinitrobenzoic acid 
method recently reported by Benedict and Behre (1936). Some 
questions on the formation of creatine during autolysis, survi- 
vance and perfusion of rabbit liver with and without the addi- 
tion of different substances were studied by my method and 
results so far as obtained are also given. 


Il. MerrnHop OF DETERMINATION. 


To estimate the total creatinine in urine, blood or tissues, 
the methods of Folin (1914), Myers and Fine (1915), Janney 
and Blatherwick (1915), Hammet (1921), Rose, Helmer and 
Chanutin (1927) ete. are used at present. In my method, 
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however, creatine-body was extracted with trichloracetic acid at 
room temperature avoiding the treatment of extraction by heat 
in acidic solution to reduce the production of chromogenic sub- 
stances to the minimum. Furthermore, the filtrate was treated with 
lead acetate, which removed the chromogenic substances leaving 
creatine-body in solution. In some cases the total creatinine 
can be estimated roughly from trichloracetie acid filtrate without 
treatment with lead acetate, though the lead-treatment gave 
always a lower value than without it (see Table I and II). The 
difference was considerably great in liver, while it was very 
small in muscle. That the treatment with lead acetate gives no 
loss in creatinine estimation was proven by the determination 
of creatine or creatinine added to the original test material. 
That the creatine-body can be extracted with trichloracetie 
acid almost completely is obvious from the fact that there 
was no great difference in the amount of total creatinine 
between the one which was previously heated with acetic acid 
in an autoclave at 120°C. for 45 minutes (by this treatment 
creatine, at least for the most part, is transformed to creatinine) 
and then treated with lead acetate, and the other in which 
the material was extracted with trichloracetic acid and the 
extract treated with lead acetate, followed lastly by heating in 
an autoclave at 120°C. for 45 minutes. The values of the total 
creatinine of both cases were respectively 15.4mg % and 14.9 
mg % in liver. 


1. Hxtraction of creatine-body. 


A definite amount of tissue (about 3gm. in case liver is 
used for determination) is rubbed with about 2gm. of purified 
Sea sand and a small quantity of water to a fairly uniform 
paste in a mortar, 5ce. of trichloracetie acid solution (566 em. 
per liter) and about 15 ce. of water are gradually added to the 
paste, while the rubbing and stirring is continued for ten minutes. 
By this treatment the proteins are converted into insoluble 
precipitates and the creatine-body goes in solution. The mixture 
is then transferred to a 50cc. volumetric fiask by the aid of 
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some amount of water and the flask is filled up to the mark 
with water. Thoroughly mixed, after standing for one hour or 
longer, the mixture is filtered. This: filtrate is better treated 
with lead acetate as described below. However, the total crea- 
tinine can be roughly estimated without treatment as follows: 

15 ce. or 20 ce. of the filtrate are transferred into a 30 ce. 
flask with short neck and glass-stopper and 10 % NaOH is added 
to it to bring its pH to about 9.4. The mixture is filled up to 
the mark with water and thoroughly shaken and filtered. 10 ce. 
of this filtrate are treated with 2N HCl in a glass cylinder 
graduated at 10cce. The succeeding procedures are performed as 
described below. 


2. Lead acetate treatment and estimation of total 
creatinine. 


15 ce. or 20cc. of the above mentioned filtrate are measured 
into a 30 ce. glass-stoppered and short-necked flask and 2 ce. of 
lead acetate solution (crystalline lead acetate 35 gm. dissolved 
in 100cc.) are added to it. Then 10% NaOH is gradually 
added under shaking to the mixture to make its pH to about 
9.8. The lead is then almost completely precipitated, carrying 
with it chromogenic substances other than creatine-body. The 
mixture is filled with water to the mark, mixed wel! and after 
standing for 15 minutes filtered. Though a small amount of 
lead in the filtrate, effects no hindrance for colorimetric deter- 
mination, larger quantities must be removed by the addition of a 
drop of phosphate solution (KH,PO, 10 gm./50 ce.). 10 ce. of clear 
and colourless filtrate thus obtained are treated with 2N HC] ina 
10 ce. glass cylinder (lec. of 2N HCl is to be added for every 
10 ce. of the filtrate, and besides, a certain excess of 2N HCl 
equivalent to trichloracetate and acetate dissolved in it must be 
added). The cylinder is then covered with a glass lid and heated 
in an autoclave at 120°C. for 45 minutes. When cooled below 
100°C. the autoclave is opened, and the contents of the cylinder 
are evaporated on a water-bath to about 8cc. The mixture is 
neutralized with 10 % NaOH and filled with water to the mark. 
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10 ce. of the solution thus obtained are treated with 5ce. of a 
saturated solution of purified picric acid and lee of 10% Na 
OH. At the same time 10cc. of a standard creatinine solution 
are treated with picric acid and alkaline solution just the same 
as the test solution. After standing for 8 minutes the colour 
comparison is made as usual with the standard at 20mm. 

The value of the total creatinine thus obtained may not 
always result from creatine-body alone. At least, it is impos- 
sible to remove glycocyamine by this lead-treatment from the 
solution containing it. The values in all experimental results 
are therefore called as total creatinine-equivalent instead of total 
creatinine. 


Jit. THE CREATINE-BODY CONTENT OF RABBIT LIVER IN 
THE CASE OF AUTOLYSIS AND SURVIVANCE. 


It was reported by Myers and Fine (1915) that the total 
creatinine increased during 10 days autolysis of liver without. 
any addition, and the same increase was shown by Abderhal- 
den and Moller (1927) during 36-48 hours autolysis of paste 
of liver and muscle under the addition of choline and arginine. 
In this experiment I have examined the question whether or 
not the creatine-body really increases during the autolysis of 
liver paste. 


1. The effect of the autolysis of long duration of rabbit 
liver paste on the total creatinine-equivalent. 


The rabbit was bled from the carotid artery and the liver 
was taken out as promptly as possible without washing. The 
liver was freed from connective tissue and ground in a mortar 
to a moderately uniform paste without sand after wiping up 
the blood adherent to it with dry clean cloth. About 3 em. of 
this paste were weighed into a glass-stoppered cylinder and 15 
ce. either of physiological saline solution, or modified Ringer’s 
solution (carbonate-free Ringer’s solution 100 ce.+13 gm./1. 
NaHCO; solution 4 cc.) or m/15 phosphate buffer solution (pH. 


Studies on the Mechanism of Creatine Formation. I. 705 


7.38) were added to it. The cylinders were then allowed to 
stand in an incubator at 37°C. for a certain period under the 
addition of toluene to prevent contamination and the total 
creatine-equivalent was estimated every three days. The total 
creatinine-equivalent was estimated as mentioned above with a 
slight modification by extracting the residua] part of autolysate 
first as usual within a mortar and then the fluid part added 
to it after. The result of the experiment shown in table I is 
a sample of autolysis which was conducted in the phosphate 
buffer solution. 


TABLE. I 


The change of the total creatinine-equivalent during autolysis 
of rabbit liver paste for a long period. 


Total creatinine-equivalent in liver (mg. %) 
Period of 
autolysis A B 
(days) : 
Rabbit 1 Rabbit 2 Rabbit 1 Rabbit 2 
0) 19.7 17.9 14.9 12.6 
a 252 21.5 15.7 14.1 
6 oes 26.2 16.6 15.8 
9 24.5 30.1 ABS 17.4 


A: Values untreated with lead acetate. 
B: Values treated with lead acetate. 

As can be seen from the table the total creatinine-equiva- 
lent increases at a very uniform rate in the course of time, but 
the degree and rate of increase varies considerably case by case. 
In some cases a maximum of chromogenic formation was reached 
already before the 9th day. And if the contents of the cylinder 
were stirred by opening the glass-stopper, the total creatinine- 
equivalent was generally apt to increase rapidly. Such increase 
was especially great when the total creatinine-equivalent was 
determined without lead acetate treatment. Myers and Fine 
also recognized such an increase occurring in the course of the 
autolysis of rabbit liver. This increase of the total creatinine- 
equivalent with the lapse of time makes it very doubtful to 
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decide whether the increase is really due to the creatine-body 
formation which is quite possibly produced by living tissue or 
rather due to the destructive process of autolysing enzymes. 
Therefore, I tried to study the experiment of short duration 
with sliced liver in which period Jiver cells seemed to maintain 
their vitality. 


2. The effect of the autolysis of lwer paste of 
previously starved rabbit on the total creatinne- 
equivalent under a slow current of oxygen 
with constant shaking. 


To minimize the amount of chromogenic substance, I have 
first studied the effect of the starvation of a rabbit on the total 
creatinine-equivalent of its liver during autolysis. After rabbits 
were starved respectively for 0, 1, 2, 3, 4,6 and 10 days, each 
liver was immediately extirpated and its paste was prepared as 
mentioned above. About 3gm. of the paste were weighed into— 


TABLE IT. 


The change of the total creatinine-equivalent of starved rabbit 
liver paste during autolysis under oxygen 
supply with constant shaking, 
(T. C, E,=Total creatinine-equivalent) 


. | Before autolysis After 6 hours autolysis 
Period of 
Rabbit | starva- | T. C. EH. in liver | T. C. E. in liver /Increased T. OC. BE. 
No, tion (mg. %) (mg. %) in liver (mg. %) 
(days) 
A B A B A B 
3 0 15.0 10.6 17.4 11.0 2.4 0.4 
4 1 15 9.6 15.9 9.8 0.8 0.2 
5 2 21.7 15.5 22. 158.) re 0.3 
6 3 11.6 7A 13.5 7.6 1.9 ) “He 
if 4 19.7 1133-83 23 TBR 76 1.6 0.4 
8 6 29.4 22.70 33.4 23.6 4.0 0.9 
9 10 31.6 24.5 BoLe 25.4 AN 0.9 


A: Values untreated with lead aeetate. 
B: Values treated with lead acetate. 


Studies on the Mechanism of Creatine Formation. I. 707 


an aerating flask and then 15ee. of modified Ringer’s solution 
(carbonate-free Ringer’s solution 100 ce.+13e¢m./1. NaHCO, 
solution 4¢¢e.) and 5 drops of toluene were added to it. The 
flask was shaken constantly in a thermostat at 38°C. by means 
of a shaking machine under a slow current of oxygen. After 6 
hours the autolysate was ground with sand and treated with 
trichloracetic acid solution in a mortar. The total creatinine- 
equivalent of these liver pastes before and after autolysis was 
determined as described above. The results are shown in Table 
1 

As is clear from the table, even as short a duration of 
autolysis as 6 hours, the chromogenic substance (perhaps it 
will not be ecreatine-body) increases under such a condition. 
The least value of the total creatinine-equivalent is, however, 
found after 1, 2 or 3 days of starvation. I have, therefore, 
always used rabbits for further experiments after 2 days of 
starvation. 


3. The effect of the incubation of sliced rabbit liver on 
the total creatinine-equivalent in case of the addition 
of various substances under a slow current of 
oxygen with constant shaking 


As it seemed to me quite doubtful that the increased total 
creatinine-equivalent of the paste during autolysis was due to 
the production of creatine-body, and that it rather suggested the 
production of some chromogenic substance other than creatine- 
body, I have proceeded to perform the experiment with sliced 
rabbit liver for a short period. At first the oxygen consumption 
of sliced rabbit liver was estimated by Warburg’s method to 
see how long the liver cells maintain their vitality. It was found 
that the sliced liver consumed oxygen distinctly for 3 hours under 
the experimental condition. Therefore, the period of experiment 
was limited to 3 hours in this kind of experiment. As it was 
found, on the other hand, that the toluene hindered the oxygen 
consumption of cells, the addition of toluene was omitted in all 
experiments for as short a period as 3 hours except in one case. 
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The fresh unwashed liver of a rabbit was sheed with a 
safty razor about 0.5mm. thick. About~3 gm. of this sliced liver 
were weighed into an aerating flask and then 15 cc. of modified 


TasLe IIIa. 


The composition of the surviving mediums used for the 
experiments described on Table ITI». 


Symbol Compositiou 
A, M. R. S.;, 15 ce. +isot. NaHCO; 1cc.+toluene, one drop. 
Np 3 +thyr. (0.05 mg.) in 1 ee.+toluene, one drop. 
IX 5 +thyr. (0.01 mg.) in 0.2 ce.+toluene, one drop. 
A, Ay +thyr. (0.005 mg.) in 0.1 ce. 
A; IME a Seranlocce 
ING % +glye. (0mg.) in 1 ee. 
IN: % +glyc. 80mg.) in 1ce¢e.+isot. NaHCO, 1 ce. 
Be cs +glye. (30mg.) in 1ee.+thyr. (0.05 mg.) in 1 ee. 
IN6 . +arg. (40 mg.) in 2 ce. 
Axo AA +isot. NaHCO, 2 ee. 
AS a +arg. 440mg.) in 2 ¢¢c.+thyr. (0.05 mg.) in 1 ce. 
J Nos es +d-alanine (40 mg.) in 2 ce. 
Ads 5 +adrenaline 0.5 ce. 
Avs on +adrenaline 0.1 ce. 
[Ate 53 -+adrenaline 0.5 ce.+thyr. (0.025 mg.) in 0.5 ec. 
ING x +adrenaline 0.1 ce.+thyr. (0.005 mg.) in 0.1 ee. 
Aq M. R. S.2 15 ce. 
INGE Pr +thyr. (0.075 mg.) in 0.5 ce. +arg.-glyc. 1 ee. 


M. RB. 8..= Modified Ringer’s solution, (composition: carbonate-free Ringer's 
solution 100 ce. +13 gm./1. NaHCO, solution 4 ec.). 

Isot. NaHCO,;,=Isotonic NaHCQ, solution. 

Thyr.= Thyroxine (EH. R. Squibb & Sons (New York)): suspended in isot. 
NaHCO. 

Glye.=Glycocoll: dissolved in water. 

Arg.=Arginine carbonate (prepared by the method of Arnold E. Pratt 
(1926) and purified): dissolved in water. 

Adrenaline=Sankyo’s adrenaline hydrochloride (1: 1000) solution. 

M. RB. S.2= Modified Ringer’s solution, (composition: carbonate-free Ringer's 
solution 100 ce.+13 g¢m./1. NaHCO, solution 3 ee.). 

Arg.-glyc.= Arginine-glycocoll mixed solution (arginine carbonate 26 mg. 
and glycocoll 25 mg. were dissolved in 5 ee. of water). 
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Tasue ITI». 

The effect of the incubation of sliced rabbit liver on the total 
ereatinie-equivalent in the case of the addition of various 
substances under a slow current of oxygen 
with constant shaking. 


(T. C. E.=Tolal creatinine-equivalent). 


Before : , 
“ : Feuation After 3 hours incubation 
oe Main added 3 : pele 
3 |B-| substances < 2 Oa oe 
%\ose| _ tothe a § | de |g82e 
Exp. | ., |= 2H] surviving Liver | F,0 | Liver | So | 9 |) Ag 
No eee Zs medium. s S| ie iS - 
3 | 8&| (See Tab. eo 80 ge dis 3 ~ 
ma 13 ws TIT») gm | OF] gm | SF] 2s [nog 
2d : ica] Oo De em ee et 
B.A : Ref ah B 
ms = = Sua od 
aL KH ess 
Ay a 3.074 dt 302d 11.7 | +0.6 
HOM As Thyroxine 3.023 11.3 | 3.035 11.9 | +0.6| +0.2 
I As Thyroxine 3.023 12.0 +0.3 
A, as 3.003 | 21.2 | 3.044 21.7 | +0.5 
LE | NS Thyroxine 3.027 | 21.3 | 3.024 22.1 +0.8) +0.4 
ee IN? Thyroxine | 3.007 _}- 22.3 + 0.6 
Tati yo | As es 8.005 | 18:0 | 3,013 | 19.4, | 41.4 
Salat Glycocoll 3.073) | 18.3 | 3.035) | 19.5 | +1.2| +01 
ING Glycoeoll 3.013 8.7 | 3.037 9.2 +0.5 


OAS 4) TAG ea 3.035 8.7 | 3.001 Dion eet 0.0: ont OLL 
glycocoll 


Iv |14 As oe S027) F197 | 3001)" | 20.4) | =-0.7 
“| Ao | Arginine 3.003 | 19.8 |_3.000 | 20.4 | _+0.6| 0 
Ayo — 3.013 16.9 
Wis ete Arginine 3.011 16.3 | 3.030 NGS || Gees) ak) 
An eer see 3.033 16.2 | 3.009 VG) ||) 1027 0 
arginine 
vi |ig| 4s a 3.029 16.3 | 3.039 16.9 | +0.6 
Ay, | Alanine 3.028 16.3. | 3.073 17.1 + 0.8); + 0:2 
As a 3.017 20.1 | 3.020 ONS petals Ont 
VIL | 17 | A,, | Adrenaline | 3.051 20.7 | 3.047 24.2 \-+0.5 |! +01 
A, | Adrenaline | 3.048 20.8 — 0.3 
As a 3.042 10.2 | 3.054 10.4 ei). 
‘ue Ai; | (Adrenaline, | 3.008 10.2 | 3.039 NOvoee| = Oso) eect Ost 
WALL | 2 ke} ever 
Aye | (Adrenaline, 3.011 10.6 + 0.2 
ae 
a 2.606 14.6—(-2.739 14.9 | +0.3 
2 Aj, | (Throxine, 2.541 14.6 | 2.504 14.9 | +0.3 0 
TASS 4, | ateinine, 
glycocoll 


1) The liver was extirpated 70 minutes after the injection of thyroxine 
(1.3 mg./25 ce. isotonic NaHCO;) suspension 2 ce. through the portal vein. 
2) This experiment was carried out after the experiments of perfusion 
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Ringer’s solution or equal volume of modified Ringer’s solution 
together with or without the addition of a certain amount of 
testing substances were added to it (see Table III). The flask 
was constantly shaken in a thermostat at 38°C. by means of a 
shaking machine under a slow current of oxygen. After the 
lapse of 3 hours, the total creatinine-equivalent of the mixture 
was determined. The results are shown in Table IIIp. 

From Table III, it ean be said that, though the total cre- 
atinine-equivalent after the incubation always increases, the in- 
crease caused by the presence of an added substanee is relatively 
small, or is not found except in the case of glycocyamine. When 
elycocyamine is added, the increase of the total creatinine-equi- 


TABLE IV. 


The effect of the incubation of sliced rabbit liver on the total 
creatinine-equivalent in the case of the addition of 
thyroxine and glycocyamine under a slow current 
of oxygen with constant shaking. 


Before incubation After 3 hours incubation 
Symbol! In- 
of the : In- creased 
surviv- oe asbaee ereased | T.C.H. 
ing Liver | T.C.E. vee Liver | T.C.E lof glyco-| T.C.H. |of glyco- 
medium, ee aver of eyamine 
(See gm. mg. ; mg. mg. | 2™MNe- slyeo- | per 100 
below) cyamine| gm. of 
mee me: mg. “liver. 
He Z iS fee ees Ne mg. % 
Ay 2.548 0.422 2.515 0.435 
(2.527) | (0.437) 
2,517) | (0.417) (2.542) | (0.439) 
Ajo 2527 0.749 0.312 0.155 6.13 
ING 2.517 0.574 0.157 2.542 0.753 0.314 0.157 6.17 


Ai;z:M. R. S.=modified Ringer's solution, (composition: carbonate-free 
Ringer’s solution 100 ce.+13 gm./1. NaHCO 38 ce.) 15 ee. 

Aj: M. BR. S.. 15 ce. + glycocyamine (2mg, in lee. of 0.9% NaCl) solution 
lee. (glycocyamine was prepared by the method of Nencki and Sieber 
(1878) and purified), 

Ag: M. R, S.. 15 ce. + glycocyamine (2 meg. in 1ce. of 0.9% NaCl) solution 
1cc,+thyroxine (0.15 mg, in 1 ec. of isotonic NaHCO,) suspension 0.5 ee. 

The figures in the brackets are calculated ones. 
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valent is considerably greater (see Table IV). On the other 
hand, when a definite amount of glycocyamine was allowed to 
stand with the sliced liver in a thermostat at 38°C. for 6 hours 
under aeration, and the glycocyamine-equivalent in the trich- 
loracetic acid extract of the incubated material was determined 
by Weber’s method(the modified Sakaguchi’s method (1930)), 
there was definitely found a decrease of the glycocyamine-equi- 
valent (see Table V). (This experiment was carried out before 
the period of incubation in all of, our incubation experiments 
was decided for 3 hours.) To what substance does glycocy- 
amine change during incubation ? Pherhaps glycocyamine is 
transformed to glycocyamidine, creatine-body or some other com- 
pound. However, I will dicuss this point in chapter IV and V, 
taking the result observed in the perfusing experiment into 
consideration. 


TABLE V. 


The effect of the incubation of sliced rabbit liver on 
glycocyamine udded to the surviving medium. 


Before incubation After 6 hours incubation 
Exp. rete ee aa ae ee ae 
Laver Gly cocy orne Sauiy. haven Gly eecyamns-oqRiy: 
= om. me. 
No. fF) 5 
ame Found |Calculated om Found Caleulated 
: . =e |_ J 
al 2.995 0 0 | 3.013 0 0 
2 3.006 2.88 3.01 | 2.994 2.16 3.01 
3 2.999 2.80 FA 0) 3.009 2.16 3.01 


The surviving medium of Exp, 1 was 15 cc. of modified Ringer's solution, 
those of Exp. 2 and 3 were both lice. of modified Ringer’s solution 
and lee. of glycocyamine (3.01 mg./cc.) solution. 

(This experiment was carried out before the period of incubation was 
fixed for 3 hours). 


lV. THE PERFUSION EXPERIMENT WITH RABBIT LIVER. 


Although the investigation of Beard and Boggess (1935): 
suggests the creatine-body formation from protein or amino-acid, 
no increase of the total ecreatinine-equivalent is found under the 
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above mentioned experimental condition... To study the mechanism 
under a more natural condition than in the above case, the 
perfusing experiment of the liver in situ was undertaken with 
and without the addition of amino-acids, glycocyamine, guanidine 
and thyroxine to the perfusing fluid (see Table VI). 

1. Perfusing apparatus: Slightly modified apparatus of 
Yamakawa and Mizuki (1918) was used. Some modification 
was made on the pump of their apparatus to fit it for any 
diameter of rubber tube. Moreover, I employed about a 30cm. 
length oxygenating vessel to avoid the overflowing of foam pro- 
duced by oxygenation under stirring and to insert the oxygena- 
ting vessel near the bottom of the thermostat to facilitate the 
flowing back of the liquid from the perfused liver. 

2. Animal: Male rabbits weighing 3)00-2700 gm. were 
used after 2 days of starvation. 

3. Preparation of perfusing fluid: The blood was shed 
from the carotid artery by means of cannula into a 200¢ce.. 
Erlenmeyer’s flask, into which 50 ce. of modified Ringer’s solu- 
tion, (see Table IIIa) was previously measured. The diluted 
blood was defibrinated by stirring with a glass-rod for about 20 
minutes and filtered through clean cloth into the 250 ee. measu- 
ring cylinder and measured. The volume of the original de- 
fibrinated blood is determinad by the deduction of 50 ce. from 
this volume. To this diluted blood a cettain amount of modified 
Ringer’s solution,, or modified Ringer’s solution,, together with 
dec. or 10 ce. of solution containing amino-acids, glycocyamine, 
guanidine, and thyroxine separately or together (see Table VIq). 
The volume of modified Ringer’s solution. shown on the Table 
VI, is caleulated with the addition of a volume (2-3 ee.) of ear- 
bonate-free Ringer’s solution usually remaining in cannulae after 
washing the liver. 

4. Operation of perfused liver: As soon as the blood was 
shed, the abdomen and chest of the animal were cut open. 
After tying off the ductus choledochus, the hepatie artery and 
the branches of the portal vein, avoiding lesion of the liver, a 
cannula was inserted into the portal vein and about 300 ce. of 
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TABLE VIa. 
The composition of the perfusing fluids used for the 
experiments described on Table VIp. 
Symbol Composition Total 
volume 

12, Blood 55 ce.+M. R. S., 138 ec. 193 ee. 

ie 5 78 ce. + s 125 ec.+thyr. (0.7 mg.) in 5 cc. 208 

ie 9 62 ee,+ = 127 ce.+thyr. (0.7 mg.) in 5 e¢.+ 199 
gcya-glyc.-arg. (16 mg., 43 mg., 43 mg) in 5 ce. 

Py Blood 50 cce.+M. R. S.. 138 ee. + geya -glye.-arg. (16 mg., 193 
43 mg., 43mg.) in 5 ce, 

IES Blood 68¢ce.+ M. R. S., 114 cce.+thyr. (0.6 mg.) in 5ec.+ 192 
glye. (100 mg) in 5 ce. 

igh Blood 60¢¢c.+M. R. S..+122 ce.+thyr. (0.6 mg.) in 5ce.+ + 
arg. (102 mg.) in 6 ce. 

ize Blood 53 ¢e.+M. R. S.. 1380 ce.+thyr. (0.7 mg.) in 5e¢c.+ 193 
geya, (16 mg.) in dee, 

Ps Blood 60 ¢c.+M. BR. S.. 122 ce.+thyr. (0.65 mg.) in 5 ce.+ 192 
geya. (22 mg.) in 5 ce. j 

ie Blood 54¢c.+M. R. S. 128 cce.+thyr. (0.7 mg.) in 5ee.+ > 
geya. (16 mg.) in 5ce. 

ine Blood 63 ec.+R. M. S. 125 ¢¢e.+geya. (16 mg.) in 5ee, 193 

1, Be Ose. e 134 ec.+ geya. (22 mg.) in 5 ee. 192 

Eve »  o9¢e.+ A 128 ce.+geya. (16 mg.) in 5 ce, ‘5 

55 ec. + a 128 ce. +thyr. (0.7 mg.) in 5ee.+ 193 

Prs “elye. -arg. (45 my., 41 mg.) in 5c¢e¢. 

PP. Blood 63 ¢cc.+M. R. S.. 119 c¢.+thyr. (0.6 mg.) in 5 ee.+ 192 
glyc.arg, (50mg., 51 mg.) in 5 ce. 

iD Blood 53ec.+M. R. S.. 129 ce.+thyr. (0.7 mg.) in 5 ce.+ a 
glyc.-arg. (46 mg., 44 mg.) in dee. 

Pre Blood 60c¢ce.+M. R. S.. 122 ¢c.+thyr. (0.7 mg.) in 5¢e.+ : 
glyc.-arg. (45 mg., 44mg.) in 5 ce, 

pe Blood 68cce.+M. R. S.. 119 c¢e.+ glyc-arg. (45 mg., 41 mg.) a 
ndce. 

12 Blood 63c¢c.+M. R. S. 128 ¢¢e.t+glyc-arg. 45mg., 44mg.) | 196 
in 5 ee. 

Pye Blood 48cce.+M. R. S.: 134£ce.+thyr. (0.5 mg.) in 5 ee.+ 192 
ala.arg. (57 mg., = mg.) in 5c¢¢, 

1B Blood 60 cc.+M. R. S.. 122 ce.+thyr. (0.7 mg.) in 5ece.+ 3 
ala.-arg. (61 mg., 44mg.) in 5ce. 

Pot Blood 72cc.+M. BR. S.». 12C ce.+thyr. (0.6 mg.) in 5e¢e.+ 202 
glyc.-gua. (30mg., 36 mg.) in 5 ce. 

eb Blood 76 ce. +M. R. S.. 106 ce.+thyr. (0.75 mg.) in 5e¢.+ 194 
lys.-arg. (97 mg., 54 mg.) in 5ec. +isot, NaHCO; 2 ce. 

Pe Blood 62¢cce.+M. R. S., 130 ce.+thyr. (0.75 mg.) in 5 ee. + 202 
lys.-glyc.-arg. (67 mg., 55 mg., 52 mg.) in 56 ee. 

ee Blood 59 cc. +M. R. 8. 123 ce.+thyr. (0.75 mg.) in 5 ce. + 192 
lys.-glyc.-arg. (58 mg., 45 mg., 50 mg.) in 5 ce. 

12s Blood 53cc.+M. R. S.. 134 ¢ce.+ geya. (16 mg.) in 5 ce. 5 
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Blood= Defibrinated blood. 

M. RB. S..= Modified Ringer’s solution, (see Table IIIa). 

Thyr.= Thyroxine: snspended in 5ce. of isot. NaHOO;. 

Geya.= Gly cocyamine. 

Glye. =Glyecocoll. 

Arg. =Arginine carbonate. 

Ala. =d-Alanine. 

Gua. =Guanidine carbonate. 

Lys. =Lysine dihydrochloride. 

Geya.-glye-arg. (6mg., 43mg., 48mg.) in 5ec.=Glyocyamine, glycocoll 
and arginine carbonate mixed solution (respectively 16 mg., 43 mg., and 
43 mg. were dissolved in 5ce. of water). This applies to the corres- 
ponding parts. All the solutions of these substances were water 
solutions, but when glycocyamine alone was dissolved it was dissolved 
in dee. of 0.9% NaCl. 


warm (37°C.) carbonate-free Ringer’s solution were slowly in- 
fused to wash the liver thoroughly, with the incisions at the in- 
ferior vena cava under the heart and the kidney. When the 
outcoming fluid became colorless, the vena cava was tied up 
above the right suprarenal gland, while the second cannula was” 
inserted from the incised point of the vena cava near the heart 
directly above the diaphragm. Some amount of carbonate-free 
Ringer’s solution was again infused to acertain a smooth passage. 
The liver together with the animal, without removing the can- 
nulae, was held in the warming chest until the perfusion was 
started. 

5. Procedure of peifusion: The greater part of the per- 
fusing apparatus except the pump was set in a thermostat at 
39°C. The total volume of the perfusing fluid was circulated 
through the perfusing apparatus alone for about 3 minutes to 
remove the air bubbies adhering to the rubber tube, ete. And 
then the rubber tube of the perfusing apparatus was connected 
with the cannulae which were inserted into the portal vein and 
the vena cava, preventing air bubbles from entering the cireuit. 
After circulating the perfusing fluid through the liver for 7-10 
minutes, the pump was stopped for a while, and a portion of 
the liver weighing about 3 gm. was cut off, preventing bleeding 
from the remaining main part of the liver, by the use of Kocher’s 
clamp. After the fluid adhering to the excised liver was wiped 


Studies on the Mechanism of Creatine Formation. I. 715 


off with dry clean cloth, the liver was transferred to the weigh- 
ing bottle. This portion of the liver was used for the deter- 
mination of the total creatinine-equivalent in the perfusing liver 
previous to perfusion. At the same time 20 ce. of the perfusing 
fluid of the oxygenator were pipetted into a 50 cc. volumetric 
flask to estimate the total creatinine-equivalent prior to perfusion. 
Then the perfusion was continued for 2 hours by means of the 
pump under 10-13 mm Hg pressure. After 2 hours of perfusion, 
the pump was stopped again, and another portion of the per- 
fused liver was cut off and transferred to the weighing bottle 
in the same manner as described above to estimate the total 
creatinine-equivalent after the perfusion. 20 cc. of the perfusing 
fluid were again measured into another 50 cc. volumetric flask 
to determine the total creatinine-equivalent after 2 hours of per- 
fusion. Furthermore, the amounts of the remaining perfused liver 
and the perfusing fluid were determined. The sum of the amount 
of last remaining liver and that of the cut off portion for 
the estimation of the total creatinine-equivalent after 2 hours 
perfusion, is the true amount of the perfused liver. This amount 
is shown on Table VIp as the amount of the perfused liver. 
As the perfusing fluid leaks out more or less during per- 
fusion, the true volume of the perfusing fluid is to be taken as 
the mean of the volume of the total perfusing fluid deducting 
20 ce. which were used for the determination of the total crea- 
tinine-equivalent before perfusion, and the volume of the remain- 
ing perfusing fluid added with the amount of the perfusing fluid 
which was used for the determination of the total creatinine-equi- 
valent after 2 hours of perfusion. For the measurment of the 
remaining amount of the perfusing fluid, the amount remaining 
in the perfusing apparatus (usually 8 cc.) was taken into consi- 
deration. 

6. Determination of total creatinine-equivalent of perfused 
liver and perfusing fluid: a). Perfused liver. The total crea- 
tinine-equivalent of the perfused liver was determined as men- 
tioned before. b). Perfusing fluid. As the total creatine-body 
was found fully extracted from nonhemolysed fluid with trich- 
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TABLE 


The effect of the perfusion of rabbit liver in situ on the total creatinine- 


Symbol | Main added subs- be rea Sy” 
Rabbit (ot. 7? tances to the 2 - S ; 
Exp. No. N perfusing cia OCA nea perfusing | perfused 
°- — Ifluid (See (Se oe ae ) fluid. liver. 
Tab. Via) Ns eta a ce. gm. 
XI 22 Py — 169 45.9 
XIT 23 12) Thyr. Aen 71.4 
XIII 24 ie Thyr., geya., glyc., arg. 174 57.8 
Pxelava 25 P, Geya., glye., arg. 167 56.8 
XV 26 iP Thyr., glyc. iyal 56.4 
XVI Pah Ps Thyr,, arg. 167 52.2 
ad] 98 P, Thyr., geya. 169 42.5 
XVII < b 29 Re 55 168 50s) 
© 30 Py op 164 39.9 
a 31 1% Geya. ial 41.7 
svat Be Pi, ” alays) 42.9 
6 3 12s, a 166 56.3 
a 34 IPs Thyr,, glyc., arg 172 54.0 
XIX b 35 1D iy: x 168 45,9 
¢ 36 pe . 170 50.0 
d 37 ee fs 171 52.1 
ee 7 38 Pe Glye., arg. 170 48.8 
b 39 Pris * 176 62.5 
ioe sf 40 Pes Thyr., arg., ala. 167 53.7 
b 41 1D * 170 52.0 
XXII 49 IP Thyr., gua., glye. 178 57.8 
XXIII” 43 Pee Thyr., lys, arg. 157 CARTE 
xxiv { # 44 Pos Thyr;,-lys., glye., arg. 182 55.9 
b 45 Pog 4 171 59.6 
a>) 
XXV ») 46 Pos Geya. 169 39,3 
1) Period of perfusion was 2 hrs. and 20 minutes. 


2) Period of perfusion was 1.5 hrs. 
Test filtrate was heated at 120°C. for 45 minutes in an autoclave as usual. 
Test filtrate was heated at 160°C: for 45 minutes in an autoclave. 
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Vib 


equivalent in the case of the addition of various substances. 
(I. C. E.=Total creatinine-equivalent) 


Before perfusion After 2 hours perfusion 
T. C. E. (mg.) T. C. E. (mg.) Increased or eel ene 
decreased | GL18\. Fra 
Per- Per- Per- Per- 2. C. E. |the sum per 
fusing | fused | Sum | fusing | fused Sum |?" the sum i109 gm. liver 
fluid | liver fluid | liver (mg.) (mg. Yo) 
2.22 5.97 8.19 4.04 4.22 | 8.26 + 0.07 a (O) 1S) 
2.65 5.79 8.44 4.16 4,42 8.58 +0.14 = 0:20 
2,82 4.53 (p35 3.15 TL. 10,92 SRB aT aie (Gesl7/ 
Seo. 4.65 7.96 4.14 7.92 12.06 +410 1.22 
2.22 Barer 5.99 2.96 3.04 6.00 +0.01 + 0.02 
2.16 5.95 8.11 3.64 4.21 7.85 — 0.26 — 0.50 
2.41 2.29 4.70 3.81 5.13 8.94 + 4.24 + 9.99 
4.12 9.60 13-72 6.86 9.22 16.08 + 2.36 + 4.70 
3.42 3.99 7.41 4.87 5.06 9.93 + 2.52 + 6.32 
3.44 6.50 9.94 5.09 10.61 15.70 +5.76 +13.80 
2.45 4.48 6.93 3.38 5.41 8.79 +1.86 + 4,33 
3.99 6.65 10.64 5.29 11.22 16.51 + 9.87 +10.43 
2.31 3,32 5.63 3.29 3.64 6.89 +1.26 “+ 2,35 
1,66 2.19 3.85 2.25 2.40 4.65 +0.80 + 1.74 
2.26 5.08 7.34 3.54 4.14 7.68 + 0.34 + 0.68 
2.70 3.85 6.55 4.06 4.50 8.56 +2.01 + 3.86 
sai) 2.85 4.40 2.14 2.2 4.41 +0,01 + 0.02 
2h 4.13 6.88 3.02 3.76 7.28 + 0.40 + 0.64 
1.89 §.28 Tei 3.34 4.62 7.96 +0.79 ae algs8y( 
2.08 3.15 5.23 2.97 2.99 5.96 +0.73 + 1.40 
QT 5.42 7.69 3.88 2383 7.61 —0.08 — (One 
2.64 5.77 8.41 3.52 4.98 8.50 + 0.09 + 0.12 
Zot Th 6.50 9.27 4.64 4.86 9.50 +0.23 + 0.41 
tel a.97 8.74 Self 4.99 8.70 — 0.04 = OO 
2.79 4.13 6.92 3.92 4.65 8.57 +1.65 + 4.20 
4.68 4,85 9.53 4.61 6.37 10.98 +1.45 + 3.69 
Thyr. = Thyroxine. Ala,= Alanine. 
Geya.= Glycocyamine. Gua.= Guanidine, 
Glye.=Glycocoll. Lys.=Lysine. 


Arg.= Arginine. 
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loracetic acid, the extraction of the creatine-body was made by 
adding gradually 5cce. of trichloracetic acid solution under shaking 
to the 50ce. volumetric flask containing 20 ce. of the perfusing 
finid. The flask was filled to the mark with water and thoroughly 
mixed. After standing for one hour or longer it was filtered. 
The succeeding procedures are performed just the same as in 
the case of liver. 

7. Caleulation of total creatinine-equivalent before and 
after perfusion: From the results of determination with liver 
and perfusing fluid, the total amount of creatine-body in the 
real perfused liver and the real perfusing fluid were calculated. 
The comparison of the sum of these two values before and after 
perfusion indicates to us whether an increase or decrease of 
ereatine-body occured during perfusion. 

8. Result of experiment: As can be seen from the table, 
the addition of glycocyamine to the perfusing fluid increases 
equally the total creatinine-equivalent after perfusion in all cases 
with or without thyroxine or other substances. On the other 
hand, it was found out that though glyeocyamine did not give 
any colour production with alkaline picrate solution, it was 
completely tranformed to glycocyamidine to give full colour 
production, when for instance 10 ce. of glycocyamine solution 
containing 0.5meg. were heated at 160°C. for 45 minutes with 
lec. of 2N HCl in an autoclave, while when heated at 120° GC. 
for 45 minutes about 1/4 or less of glycocyamine was transformed 
to glycocyamidine. Therefore, the possibility might exist that 
the glycocyamine was transformed merely to glycocyamidine by 
the action of the liver to give rise to the inerease of colour. 
Assuming this to be possible, a part of the filtrate was heated 
at 160°C. for 45 minutes with 2N HCl in an autoclave to de- 
termine the amount of remainng glycocyamine by transforming 
it to glycocyamidine and to compare the value of the colour 
increase as glycocyamidine. In spite of these considerations the 
increase of the total creatinine-equivalent after perfusion was 
really observed (Exp. XXVp). When arginine and glyecocoll 
together with thyroxine are added to the perfusing fluid, the 
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total creatinine-equivalent increases also as shown in the’ table 
(Exp. XIX), though the inerease is relatively small. When 
alanine was added to the perfusing fluid instead of glycocoll, 
the increase is still smaller. (Exp. XXI). The omission of 
thyroxine in these eases or the addition of lysine to the mixture 
containing amino-acids and thyroxine causes no increase after 
perfusion (Exp. XX and XXIV). Furthermore, as can be 
seen from the table, unless the increase of the total creatinine- 
equivalent after perfusion is relatively great, the increase in 
the liver alone should not be recognized. 


V. DISCUSSION. 


Inouye (1912) reported that the total creatinine increased 
in the perfusion experiment on liver, in which arginine alone 
was added to the perfusing fluid. Beard and Boggess (1936) 
reported that parenteral injection of glycocyamine, arginine, 
glycine, alanine ete. gave an increase in muscle creatine, and 
concluded from this result that creatine formation took place 
chiefly in the muscles. 

According to Bodansky (1935), the administation of argi- 
nine and other amino-acids, except glycine and alanine, produced 
no effect on the exeretion of creatine or creatinine in rats. The 
administration of glycine on the other hand did not influence 
the excretion of creatinine, but definitely increased the output 
of creatine. Similar, though less striking or constant changes, 
were obtained with alanine. The increased elimination of creatine 
following the administration of guanidine-acetic acid suggests 
the probable conversion of the latter into creatine. Further- 
more, according to his paper in 19386, guanidoacetic acid was 
not found in the heart, muscle, and liver of normal rats, but 
traces were present in the kidneys and alimentary tract, includ- 
ing its contents. At intervals following the administration 
of of guanidoacetic acid, its distribution was determined. Of 
the amount absorbed, considerable quantities appeared in the 
liver and kidneys. Although its presence in muscle and heart 
was definite, the concentration was insufficient for quantitative 
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estimation. As much as 50 per cent was excreted in the urine 
unchanged. ‘These findings were accompanied by a definite in- 
erease of creatine in the kidneys, suggesting that methylation 
of the guanidoacetic acid may have occurred in the kidneys. 
However, it is not assumed that muscle may not be the principal 
site of guanidoacetic acid methylation in normal metabolism. 
In view of the occurence of guanidoacetic acid in large amounts 
in the liver and the failure to show an increase in creatine, it 
is surmised that the liver plays an insignificant role, if any, 
in creatine production. The results of his study furnish addi- 
tional evidence for the conversion of glycocyamine into creatine. 
In this same paper he does not support the contention that 
glycine is a precursor of creatine as no change appears any- 
where in the glycine-fed rat. 

Our above mentioned experiments on the liver suggest to 
us a conclusion that at least a part of the glycocyamine seems 
to be transformed to creatine in the liver. However, there is 
also possibility enough that glycocyamine might be converted | 
into glycocyamidine during the experiment. The tendency of 
glycocyamine stagnation in the liver reported by Bodansky 
could be observed also in my prefusion experiment (Tab. VIp, 
Exp. XXVa, p). Throughout all our experiments the increase 
of total creatinine-equivalent in the liver alone was compara- 
tively small. This fact may indicate that, as soon as the 
glycocyamine changes into creatine, the formed creatine may be 
easily transported to soine other organs or tissues through the 
hepatic vein. 

Bergmann and Zervas (1927) synthesized artificially 
diacety]l-glycocyamineethylester and monoacetyl-glycocyamidine 
from the mixture of triacetyl-anhydro-arginine and glycocollester 
in water-free ether and they discussed the mechanism of glyco- 
cyamine formation. Our recognization of the total creatinine- 
equivalent increase in perfusion experiments on liver under the 
simultaneous addition of arginine, glycocoll, and thyroxine, though 
such an increase was missed in the incubating experiment with the 
addition of these substances, may have some relation with the 
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experiment of Bergmann and Zervas. On the other hand, 
further study of the production of chromogenic substances, except 
creatine-body, must be extended. I am performing some further 
experiments on these questions in detail at present. 


SUMMARY 


1. A method of determination of total creatinine was worked 
out. 

2. The influence of the various substances on the amount 
of total creatinine-equivalent after autolysis and perfusion of 
rabbit liver was studied by this method. 

3. The addition of the glyecocyamine increased the total 
creatinine-equivaient in the incubation and perfusion experiments 
of the liver. 

4. The simultaneous addition of arginine, glycine and 
thyroxine to the perfusing fluid, caused the increase of the total 
creatinine-equivalent in the perfusion experiment on liver. 


I wish to express my sincere thanks to Prof. S. Kakiuchi 
for his kind advice throughout the course of the investigation. 
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